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Your Committee, appointed devise uniform system for tests 
hydraulic cement, has the honor submit this final report. Those 
portions the preliminary report presented the 
held January 16th, 1884, which are not embodied herein, are superseded. 

uniform system testing cement, order practical, must 
simple, rapid, and easy application, and should, course, reason- 
ably accurate. Between the very careful tests the laboratory, which 
consume much time and involve considerable expense, and the rough 
and unsatisfactory trials often resorted from necessity, there 
middle ground, which has been the endeavor the Committee 
occupy. The system proposed means perfect one—such has 
not yet been discovered—but hoped that will useful elim- 
inating many the inaccuracies the usual methods, and making 
the system uniform, enable the experiments the various members 
the profession, different parts the country, and others interested 
the subject cement testing, satisfactorily compared. 
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The testing cement not simple process sometimes 
thought be. Nosmall degree experience necessary before one 
can manipulate the materials obtain even approximately ac- 
curate results. 

The first tests inexperienced, though intelligent and careful per- 
sons, are usually very contradictory and inaccurate, and amount 
experience can eliminate the variations introduced the personal 
equations the most conscientious observers. Many things, ap- 
parently minor importance, exert such marked influence upon the 
results, that only the greatest care every particular, aided 
experience and intelligence, that trustworthy tests can made. 

The test for tensile strength sectional area one square inch 
recommended, because, all things considered, seems best for gen- 
eral use. the small briquette there less danger air bubbles, 
the amount material handled smaller, and the machine for 
breaking may lighter and less costly. 

The tensile test, properly made, good, though not perfect in- 
dication the value The time requisite for making this 
test, whether applied either the natural* the Portland cements, 
considerable (at least seven days, ifa reasonably reliable indication 
obtained), and work usually carried on, frequently impracticable. 
For this reason short time tests are allowable cases necessity, though 
the most that can done such testing determine the brand 
cement its average quality. believed, however, that neat 
cement stands the one-day tensile test, and the tests for checking 
and for fineness, its safety for use will sufficiently indicated the 
ease brand good reputation; for, being proved 
average quality, fair suppose that its subsequent condition will 
what former experiments, which owes its reputation, indicate 
that should be. cannot said that new and untried cement will 
the same tests proved satisfactory only series tests for 
considerable period, and with full dose sand, will show the full 
value any cement; and would safer use trustworthy brand 
without applying any tests whatever, than accept new article 
which had been tested only neat cement and for but one day. 

The test for compressive strength very valuable one point 


*Where the word natural is used in this connection,it is to be understood as being 
applied to the lightly burned natural American or foreign cements, in contradistinction to 
the more heavily burned Portland cement, either natural or artificial. 
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fact, but the appliances for crushing are usually somewhat cumbersome 
and expensive, much that seems undesirable that both tests 
should embodied uniform method proposed for general adoption. 
Where great interests are stake, however, and large contracts for 
cement depend the decision engineer quality, both tests 
should used the requisite appliances for making them are within 
reach. After the tensile strength has been obtained, the ends the 
broken briquettes, reduced one-inch cubes grinding and rubbing, 
should used obtain the compressive strength. 

The adhesive test being large measure variable and uncertain, 
and therefore untrustworthy, not 


The strength cement depends greatly upon the fineness which 
ground, especially when mixed with large dose sand. is, 
therefore, that the tests made with cement that has 
passed through No. 100 sieve (10 000 meshes the square inch), made 
No. wire, Stubbs’ wire gauge. The results thus obtained 
will indicate the grade which the cement can attain, under the 
condition that finely ground, but does not show whether not 
given cement offered for sale shall accepted and used. The deter- 
mination this question requires that the tests should also applied 
the cement found the market. Its quality may high that 
will stand the tests even very coarse and granular, and, the other 
hand, may low that amount pulverization can redeem it. 
other words, fineness sure indication the value cement, 
although all cements are improved fine grinding. Cement the 
better grades now usually ground fine that only from per 
cent. rejected sieve meshes per square inch, and has 
been made fine that only from per cent. rejected sieve 
meshes per The finer the cement, otherwise 
good, the larger dose sand will take, and the greater its value. 


CHECKING 


The test for checking cracking important one, and, though 
should never omitted. follows: 

Make two cakes neat cement inches diameter, about 
thick, with thin edges. Note the time minutes that these 
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cakes, when mixed with water the consistency stiff plastic 
mortar, take set hard enough stand the wire test 
Gen. Gillmore, diameter wire loaded with pound, and 
inch loaded with pound. One these cakes, when enough, 
should put water and examined from day day see 
becomes contorted, cracks show themselves the edges, such 
contortions cracks indicating that the cement unfit for use that 
time. cases the tendency crack, caused the presence 
too much unslacked lime, will disappear with age. The remaining 
cake should kept the air and its color observed, which for good 
cement should uniform throughout, yellowish blotches indicating 
poor quality the Portland cements being bluish-gray, and the 
natural cements being light dark, according the character the 
rock which they are made. The color the cements when left the 
air indicates the quality much better than when they are put water. 


RECOMMENDED. 


recommended that tests for hydraulic cement confined 
methods for determining fineness, liability checking cracking, and 
tensile strength and for the latter, for tests days and upward, that 
part cement part sand for natural cements, and 
parts sand for Portland cements, used, addition trials 
the neat cement. The quantities used the mixture should deter- 
mined weight. 

The tests should applied the cements offered for sale. 
satisfactory results are obtained with full dose sand, the trials need 
further. not, the coarser particles should first excluded 
using No. 100 sieve, order determine approximately the grade the 
cement would take ground fine, for fineness always attainable, 
while inherent merit may not be. 


committee thinks useful insert here table showing 
the average minimum and maximum tensile strength per square inch 
which some good cements have attained when tested under the conditions 
specified elsewhere this report. Within the limits given the fol- 
lowing table,the value cement varies closely with the tensile strength 
when tested with the full dose sand. 

American natural cement, neat 

day, hour until set air, the rest the hours water, 
from pounds pounds. 


week, day air, days water, from pounds 100 pounds. 
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ETC. 


The proportions cement, sand and water should carefully de- 

termined weight, the sand and cement mixed dry, and all the water 
added once. The mixing must rapid and thorough, and the 
mortar, which should stiff and plastic, should firmly pressed into 
the molds with the trowel, without ramming, and struck off level 
the molds each instance, while being charged and manipulated, 
laid directly glass, slate some other non-absorbent material. 
The molding must completed before incipient setting begins. 
soon the briquettes are hard enough bear it, they should taken 
from the molds and kept covered with damp cloth until they are 
immersed. For the sake uniformity, the briquettes, both neat 
cement and those containing sand, should immersed water the 
end hours, except the case one-day tests. 

Ordinary, fresh, clean water, having temperature between and 


degrees F., should used for the water mixture and immersion 
samples. 

month (28 days), day air, days water, from 100 pounds 
150 pounds. 

year, day air, the remainder water, from 300 pounds 400 
pounds. 

American and foreign Portland cements, neat 

day, hour, until set, air, the rest the hours water, 
from 100 pounds 140 pounds. 

week, day air, days water, from 250 pounds 550 pounds. 

month (28 days), day air, days water, from 350 pounds 
700 pounds. 

year, day air, the remainder water, from 450 pounds 800 
pounds. 

American natural cement, part cement part sand 

week, day air, days water, from pounds pounds. 


month (28 days), day air, days water, from pounds 
pounds. 


year, day air, the remainder water, from 200 pounds 300 
pounds. 


and foreign Portland cements, part cement parts 
sand 
week, day air, days water, from pounds 125 pounds. 
month (28 days), day air, days water, from 100 pounds 
200 pounds. 
year, day air, the remainder water, from 200 pounds 350 
pounds. 
Standards minimum fineness and tensile strength for Portland 
cement, given below, have been adopted some foreign countries. 
Germany, Berlin Society Architects, Society Manufact- 


urers Bricks, Lime and Cement, Society Contractors, and Society 
German Cement Makers. 
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The proportion water required varies with the fineness, age, 
other conditions the cement, and the temperature the air, but 
approximately follows 

For briquettes neat cement: Portland, about per cent.; natural, 
about per cent. 

For briquettes part cement, part sand: about per cent. 
total weight sand and cement. 

For briquettes part cement, parts sand: about per cent. 
total weight sand and cement. 

The object produce the plasticity rather stiff plasterer’s 
mortar. 

average briquettes may made for each test, only those 
the smallest section taken. The briquettes should 
always the testing machine and broken immediately after being 


not more than per cent. left sieve 
Standard 5,806 meshes per square inch. 

1 


Tensile strength, part cement, parts sand, 


1877. day air, days water, 113.78 pounds per square 
inch. 

not more than per cent. left sieve, 

1878 Tensile strength, same mixture and time above, 


142.23 pounds per square inch. 
Austria, Austrian Association Engineers and Architects. 
Fineness, same German 1878. 


Standard Tensile strength, same mixture above, days, day 
air, days water, 113.78 pounds per square inch. 
1878. days, day air, days water, 170.68 pounds 


per square inch. 
Austria standard for the minimum fineness and tensile strength 
Roman cement was established and generally accepted, follows 


Tensile strength part cement, parts sand), 
for 


Quick setting cement (taking minutes less set): 


days, day air, days water, pounds per 
Standard square inch. 
days, day air, days water, 56.9 pounds per 
1878. square inch. 


Slow setting cement (taking more than minutes set): 
days, day air, days water, 42.6 pounds per 
square inch. 


days, day air, days water, 85.3 pounds per 
square inch. 


The Roman cements correspond those classified this report 
under the head natural cements. 


Standards have been adopted also Sweden and Russia. 
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taken out the water, and the temperature the briquettes and the 
testing room should constant between and degrees 

The stress should applied each briquette uniform rate 
about 400 pounds per minute, starting each time With weak 
mixture one-half the speed 


WEIGHT. 


The relation the weight cement its tensile strength un- 
certain one. practical work, used alone, little value 
test, while connection with the other tests unnec- 
essary, except when the relative bulk equal weights cement 
desired. 

recommend that the cubic foot substituted for the bushel 
the standard unit, whenever thought best use this test. 


SETTING. 


The rapidity with which cement sets loses its plasticity fur- 
nishes indication its ultimate strength. simply shows its initial 
hydraulic activity. 

For purposes nomenclature, the various cements may divided 
arbitrarily into two classes, namely: quick-setting, those that set 
less than half hour; and slow setting, those requiring half 
hour more set. The cement must adapted the work re- 
quired, one cement equally good for all purposes. submarine 
work quick-setting cement often imperatively demanded, and 
other will answer, while for work above the water-line less hydraulic 
activity will usually preferred. Each individual case demands special 
treatment. The slow-setting natural cements should not become warm 
while setting, but the quick-setting ones may, moderate extent, 
within the degree producing cracks. Cracks Portland cement indicate 
too much carbonate lime, and the Vicat cements too much lime 


the original mixture. 


There uniformity practice among engineers the sampling 
the cement tested, some testing every tenth barrel, others every 
fifth, and others still every barrel delivered. Usually, where cement has 
good reputation, and used large masses, such concrete heavy 
foundations, the backing hearting thick walls, the testing 
every fifth barrel seems but very important work, 
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where the strength each barrel may great measure determine 
the strength that portion the work where used, the thin 
walls sewers, etc., etc., every barrel should tested, one briquette 
being made from it. 

selecting cement for experimental purposes, take the samples 
from the interior the original packages, sufficient depth insure 
fair exponent the quality, and store the same tightly-closed recep- 
tacles impervious light dampness until required for manipulation, 
when each sample cement should thoroughly mixed, sifting 
otherwise, that shall uniform character throughout its mass. 


For ascertaining the fineness cement will convenient use 
three sieves, Viz. 

No. 500 meshes the square inch), wire No. Stubbs’ 
wire gauge. 

No. 476 meshes the square inch), wire No. Stubbs’ 
wire gauge. 

No. 100 (10 000 meshes the square inch), wire No. 
Stubbs’ wire gauge. 

The object determine weight the percentage each sample 
that rejected these sieves, with view not only furnishing the 
means comparison between tests made different cements different 
observers, but indicating the manufacturer the capacity his cement 
for improvement direction always and easily within his reach. 
already suggested connection, the tests for tensile strength 
should applied the cement offered the market, well 
that portion which passes the No. 100 sieve. 

For sand, two sieves are recommended, viz. 

No. (400 meshes the square inch), wire No. Stubbs’ 
wire gauge. 

No. (900 meshes the square inch), wire No. Stubbs’ 
wire gauge. 

These sieves can furnished sets follows, arrangement 
ing been made with manufacturer* such articles, which agrees 
furnish them the best quality brass wire cloth, set metal 


*Williams’ Globe Wire Works, 85 Fulton street, New York City. 
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frames, the cloth true count possible make it, and 
the wire the required gauge. Each set will inclosed box, 
the sieves nested. 


Set three cement sieves, cost $4.80. 


The question standard sand seems one great importance, for 
has been found that sands looking alike and sifted through the same 
sieves, give results varying within rather wide limits. 

The material that seems likely give the best results the crushed 
quartz used the manufacture sand paper. commercial pro- 
duct, made large quantities and standard grades, and can fur- 
nished fairly uniform quality. clean and sharp, and although 
the present price somewhat excessive cents per pound), be- 
lieved that can furnished quantity for about $5.00 per barrel 
300 pounds. would used for tests only, for purposes com- 
parison with the local sands, and with tests different cements, not 
much would required. The price the German standard sand 
about $1.25 per 112 pounds, but the article being washed river sand 
probably inferior crushed quartz. Crushed granite could fur- 
nished somewhat less rate than quartz, and crushed trap for about 
the same granite, but satisfactory estimate has been obtained for 
either these. 

The use crushed quartz reeommended your Committee, the 
degree fineness such that will all pass No. sieve and 
caught No. sieve. the regular grade, from per cent. 
crushed quartz, No. passes No. sieve, and none passes 
No. sieve. present furnished, would need resifting bring 
the standard size, but there were sufficient demand warrant it, 
could undoubtedly furnished the size grain required little, 
any, extra expense. 


| 
| 
Set two sand sieves, cost $4.00. 
‘ 
| 
{ 
| 
‘ { 
4 
q 


484 TESTS CEMENT. 


bed uniform, clean sand the proper size grain has not been 
found, and believed that wash, dry and sift any the available 
sands would greatly increase its cost, that the product would not 
much cheaper than the crushed quartz, and would much inferior 


The molds furnished are usually iron brass, the price the 
former being $2, and the latter each. Wooden molds, well 
oiled prevent their absorbing water, answer good purpose for tem- 
porary use, but speedily become unfit for accurate work. cheap, dur- 
able, accurate and non-corrodible mold much desired, but 
not yet upon the market. Plates Nos. XLIV and XLV show the form 
briquette and metal mold recommended. may added that your 
Committee are not entire accord with respect the merits this 
form briquette, its principal defect being that the rupture must 
take place the neck smallest section, whether the strain one 
extension only otherwise. With briquette such form that 
oblique strains would usually produce rupture oblique directions, 


the trials taking this character would rejected, and the accuracy 
the results correspondingly increased thereby. 


using the clips the preliminary report, was 
found some instances that the specimens were broken one the 
points where they were held. This was undoubtedly caused the 
insufficient surface the clip, which, forming blunt point, forced out 
the material. Where the specimens were soft allow this 
point imbedded, they broke the smallest section, but when hard 
enough resist such imbedding they showed wedge-shaped fracture 
the clips. remedy this the point should slightly flattened 
allow more metal surface contact with the briquette. Clips 
made this way have been used, and good results obtained. 

adapt the one-inch clips the Riehlé machine only slight 
amount work necessary; the ends being rounded, shown Plate 
No. XLVI, will admit the proposed new form briquette, and yet 
not prevent the use the old one, thus allowing comparative tests 
the two forms made without changing the clips. 

There should strengthening rib upon the outside the clips, 
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shown Plate No. XLVI, prevent them from bending breaking 
when the specimens are very strong. 

The clips should hung pivots, avoid, much pos- 
sible, cross strain upon the briquettes. 


special machine has been recommended, those common use 
are good form for accurate work, properly used, though some 
they are needlessly strong and expensive. Machines with spring 
balances are avoided, more liable error than others. 

means certain that there exists any great difference 
well-made machines the standard forms given. 

The experiments the Committee not seem justify expres- 
sion preference for any one machine. Plates Nos. XLVII and 
show three American machines, with the prices obtained from 
the manufacturers. 

Amount MATERIAL. 


The amount material needed for making five briquettes the 
standard size recommended is, for the neat cements, about one and two- 
thirds pounds, and for those with sand, the proportion three parts 
sand one cement, about one and one-quarter pounds sand 
and six and two-thirds ounces cement. 
All which respectfully submitted. 

Chairman. 

SHEDD. 

ALFRED 

Norton. 
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BEHAVIOR CEMENT-MORTARS UNDER VARI- 
OUS CONTINGENCIES USE. WITH BRIEF 
DISCUSSION CERTAIN TESTS, ETC. 


Reap 1885.* 


The careful and conscientious work that has been done the many 
experimenters with cements, has developed very clearly the principal 
characteristics cements, and what may general expected from 
them use. The labors the Committee Tests have resulted 
few simple rules, which ought make the results from different inves- 
tigators fairly comparable. the last annual meeting the writer called 


attention one point, however, which there seems room for still 


*This article was originally prepared for the last Annual Convention as a discussion on 
the paper by Mr. Eliot C. Clarke, M. Am. Soc. C E,and of the Report on Cement Tests; but 


not having been reached at that time, it is read now for the purpose of calling attention to 
the necessity for further investigation. 
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further experiment and observation, viz., the changes dimension 
cement-mortars and concretes under the various contingencies use. 

Data this kind should cover— 

First.—Behavior while setting, either expansion contraction, 
with accurate measurements the amount change. 

(a) Under load but its own weight. 

(6) Under increasing loads. 

(c) Whether dependent upon the amount water used. 
Second.—Compression various ages under increasing loads, 

destruction, periods. 

(a) Just following setting. 

After one day. 

After one week. 

After one month. 

(e) After longer periods time. 
Third.—The same observations, with various mixtures sand. 
Fourth.—The same for concretes. 

Possibly, careful tests with one cement may show that, after limited 
time, the change within the elastic limit inappreciable, and subse- 
quent examinations may take narrower range. 

desirable extend the examinations lime-mortars, 
well cements. 

make the results available, and also aid obtaining 
them, examinations the same kind should made bricks, stones, 
and other building 

Seventh.—Much valuable data may gathered observing meas- 
ured compressions walls buildings, other masses masonry, the 
measurements being taken over well-defined points different stages 
construction, and noting carefully the quality and kind work, 
mortar, Temperature observations are also desirable. 

brings another point, which very desirable 
that the experience members recorded, viz., the setting mortars 
frosty weather, and the methods pursue when their use im- 
perative such times. 

Ninth.—A general study methods experimental observation 
would indicate chiefly two: Either the building solid column ma- 


sonry and loading it, direct experiment solid prisms, preferably 
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feet height about inches square may built, placing simple 
framework about secure access for loading, and guard the exper- 
imenter from accident. 

simple apparatus allowing the insertion graduated 
ings inch ought obtained without serious difficulty. 

testing machines sufficient capacity are command, solid 
prisms feet long inches square may tested. Since brick 
wall feet high will contain about joints, which inch each will 
amount inches joint; wall feet high, with 12-inch 
courses and joints, will contain the same amount—the 2-feet long 
will fairly represent such wall, allowance being made for the 
compression the brick stone. 

The desirability such observations will seen whenever one 
upon add new masonry old; when concrete used 
conjunction with other masonry other material; when laying out, 
advance, the courses masonry for very high tower; when 
lating the behavior arch considerable dimensions withdrawal 
the centering. 

Defects due lack such knowledge are not always patent, for 
the reason that the less compressible part the masonry strong 
enough bear the whole weight coming upon it; but they are not in- 
frequently shown spalled edges, cracks, and other defacements, when 
serious results follow. These suggestions are thrown out for the 
purpose eliciting comment, and awaking interest further study 
cements. 

reference changes dimension cement-mortars during 
setting, Mr. Clarke, his valuable paper recently published,* shows 
quite clearly that there expansion. the contrary, our Past 
President, Mr. Whittemore, recent letter me, states his experi- 
ence with cylinder filled feet with concrete. The latter contracted 
two inches without any superposed weight. 

Experiments cements the East River Bridge (see Transactions 
for 1878), show depression strength briquettes the 
end seven days. The query. then would be: there preliminary 
expansion due crystallization, and subsequent contraction, has 
the amount water used something with 


. 
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Record Tests Cement made for Boston Main Drainage Works, 1878-84, Eliot 
Clarke, M. Am. Soc. C, E. Transactions, No. 300, Vol. XIV, April, 1885, page 141. 


494 COLLINGWOOD CEMENT-MORTARS. 


There difference between the Committee the Society 
Cement Tests and Mr. Clarke the method preparing the briq- 
uette. Mr. Clarke distinctly speaks ramming the cement into the 
mold, while the report positively says should sufficiently 
plastic pressed without ramming. cement-mortar must 
always plastic when used practically, the committee would seem 
right their recommendation. 

The old idea seemed that the test must made give 
the highest attainable strength limited time; but would seem 
unquestionable that the most uniform results will obtained using 
just enough water obtain plastic mass, and thus eliminate the 

Mr. Clarke omits mention the size the wires the meshes, but 
adds one element which ought incorporated the report the 
committee, that desirable verify the number wires per 
inch each sieve used. variation, mentioned him, 
per cent. less the number, equivalent variation the number 
meshes about per cent., reckoned the smaller 
number. 

Other points Mr. Clarke’s paper may noted follows: 
compare the figures the table tests Rosendale cement-mortars 
page 151, find the growth strength the ordinary mixture 
cement sand follows: Calling the strength the end 
week, unity, that the end month 34; the end six 
months, and after two years, other words, about one-ninth 
the strength developed week; little over third one month; 
and three-fourths six months. 

His conclusion, page 155, that salt water, either for immersion 
mixing, has important effect, would seem require modification for 
the case Portland cement mixed with fresh water and immersed 
salt water. The strengths given are but per cent. those 
immersed fresh water. 

friend recently informed the writer that certain natural cement, 
which gave excellent results when mixed with fresh was inferior 
others when mixed with salt water. Details the test are wanting; 
but the statement correct, shows that such tests should made 


where water used with untried cement. 
satisfactory learn from the curves Plate that even stiff 
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grout from Rosendale cement reaches strength after six months within 
about per cent. cement mixed very stiff. This not intended, 
however, argument for the use grout (which should restricted 
cases where nothing else can used). The difference much 
greater where Portland cement used. 

The experiments Tables and suggest questions the kind 
clay, and whether there was any chemical action between and 
the cement. They are certainly contrary most experience. 

retempered mortar, certainly has greater tendency crack 
than that freshly mixed, and does not well for pointing. Further 
experiments are desirable. 

Referring again the question change dimension setting, 
there doubt that some the cases warping walls are due 
placing the weight floors walls too soon. side wall five- 
story building, which was honestly built brick with good cement- 
mortar, came under the writer’s observation. was drawn inwards 
this manner decidedly concave—the versed sine the curve 
being several inches. The floors were heavily loaded, and were sup- 
ported the walls soon the masonry was high enough for the 
purpose. 

these days rapid building, the questions here raised may often 
free from cracks and unequal settlements. 

The matter changes dimensions masonry change tem- 
perature, has been accurately experimented upon Bouniceau, and 
from the des Ponts Chaussees for 1863, the following summary 
results has been taken matter interest this connection. 

The methods pursued were very exact, and tests were made ten 
different substances and 

The coefficients dilation obtained were follows; they are the 


percentage expansion for one degree Centigrade, carried the ten- 
place decimals: 


No. Portland cement, pure, properly gauged and having 


No. Portland cement-mortar containing volume cement 


and volumes silicious sand, ordinarily used 
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No. Brick sandy bricks from Havre D’Hon- 

fleur, and mortar No. the bricks being 

No. The same last, with bricks placed lengthwise.... 0.000 
No. Beton, composed the same mortar, No. and 

round silicious pebbles (the proportion peb- 


No. Dressed limestone from 


These coefficients, which seem infinitely small, produce, however, 
very apparent effects (although not always hurtful) work large 


dimensions. 


wall meters long, beton, between 
abutments supposed immovable, undergo change temperature 
from 20° Cent. Cent. This change 30° will cause 
diminution centimeters length. the fissures caused this 
change filled with hard cement, if, according observations 
Mr. Herve Mangon, they become filled, after time, with detritus, the 
wall, when the return warm weather lengthen itself 
centimeters, will bent meters from straight line. These 
things not come pass because the walls are not monolithic, and are 
composed considerable quantity small sedimentary materials joined 
together imperfectly cement. not rare, however, see long 
closed walls (as reservoirs) bulging outward, and sometimes falling 
without known cause. 

is, therefore, well leave the lengths walls between rigid 
abutments, the open air, like those Paris, spaces 


some centimeters millimeters certain distances. 


Mary, Inspector-General Roads and Bridges, has informed 
reservoir, which, having been constructed fine weather, be- 
came the winter fissured contraction and lost its water, but be- 
came tight again the return spring. 


notice that the expansion beton masonry much greater than that 


| 
q 
q 
q 
‘ 
q 
q 


COLLINGWOOD 497 


brick masonry, being one and one-half times that bricks edge, 
and three times that bricks lengthwise, showing clearly that the mor- 
tar the brick masonry expands more than the brick itself. The ratio 
can established comparing the relative lengths brick and 
mortar. 

Paris expands most all. 

expansion marble very small, and this may the explan- 
ation the preservation surfaces this 

bearing upon the subject compression, the Secretary has 
handed the writer short paper, furnished the architect, Mr. Geo. 
Post, respecting the Produce Exchange building, which Mr. Post 
says: The tower, which 240 feet high from the foundation, has its 
southerly wall, for height 120 feet, carried iron columns, while 
the remaining walls are built masonry. was built with great care, 
and have yet been unable find any crack the point where the 
rigid iron construction connects with the brick-work. About year ago 
was led the conclusion that there was very important element 
weakness many our buildings which was not all considered, 
the shrinkage cement-mortars. found practice that where 
iron mullions were built between brick jambs, the jambs decreased 
length such extent that was very appreciable, and very fre- 
quently cracked the stone lintels above them. 

have since made some experiments, and find that distance 
feet inches, with load pounds the square inch the 
brick-work, the diminution length piers was from inch 
inch. The experiments were made building steel blocks 
into the walls the Cotton Exchange, which constructing, 
and measuring the distance between them with steel tape, tem- 
perature degrees. Within the last few weeks the measures 
were again taken with the same tape, and the same temperature. 
the Produce Exchange building have avoided the evil conse- 
quences shrinkage the walls the expedient making slip joints 
all vertical iron-work used the windows the outside the 
building, that shrinkage takes place, compression, weight 
can possibly thrown the mullion, and cracks must 


closing, may interest Members using Portland cement, 
toadd that the latest specifications the Metropolitan Board Works, 
London, require per cent. pass sieve meshes per square 
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inch, and stock equal weeks’ consumption tested cement 
keptin store. The test that shall have breaking tensile 
strength 200 pounds per square inch when set hours air and 
days water, when mixed the proportion part cement parts 
sample sand which has passed sieve 400 meshes and been retained 
one 900 meshes per square inch. About per cent. water 


used mixing. 
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THE CANTILEVER BRIDGE NIAGARA FALLS. 
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Reap Marcu 1885. 


WITH DISCUSSION. 


The interest which has been taken the profession the construc- 
tion the Niagara Cantilever Bridge has led the writer prepare this 
paper, which has endeavored give faithful account the con- 
struction, and full description the work all its details, and which 


most respectfully submitted the Members this Society. 
PRELIMINARY NARRATIVE. 


October 13th, 1882, the writer received letter from the Central 
Bridge Works, Buffalo, Y., requesting him make preliminary 
estimate for double-track railroad bridge 900 feet clear span, for 
the purpose ascertaining the probable cost bridging the Niagara 
River below the Falls, near the Railroad Suspension Bridge, intimating 
that braced arch reaching from cliff cliff might the proper design 
for the proposed structure. 
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Not being possession profile the bridge site, the writer 
was unable decide upon plan; but, from the nature the stream, 
concluded that structure that locality should designed that 
the river span would self-sustaining during erection. Having only 
slight recollection the formation the gorge, thought that hinged 
arch, erected the cantilever principle, would the proper 
design, and made rough sketch one 600 feet clear span, assuming 
profile, but requesting that approximate profile should made 
deciding feasible plan which the chasm could spanned 
without the use false works for the river span. 

The writer having previously, the spring 1882, designed the 
Fraser River Bridge for the Canadian Pacific Railway (see Plate XLIX), 
where similar conditions existed, then had occasion investigate that 
class structures which are best adapted for bridging streams the nature 
which precludes the use false works for erection, and make 
himself thoroughly familiar with the subject. 

According the writer’s request, the Central Bridge Works had 
approximate profile made the site the proposed bridge, which was 
received him October 23d. After careful consideration, the 
writer decided that the cantilever plan would the most feasible and 
economical for this particular location, sketched out skeleton design, 
and made approximate estimate for the same, which submitted 
the Central Bridge Works, with the that steel used 
for the entire structure, with the exception the floor beams and 
stringers, which should made wrought iron. exact fac-simile 
this first plan shown Plate 

The general dimensions and some the detail arrangements this 
plan were subsequently changed suit the final location and other con- 
ditions, but the general features the plan have been substantially 
carried out. 

This design was afterwards worked out more detail; strain-sheets 
were made, the estimate revised, and tender submitted the Central 
Bridge Works the Niagara River Bridge Company for the construc- 
tion the entire work. 


This tender was considered the Board Directors the Niagara 
River Bridge Company, and found satisfactory; the preliminary designs 
accompanying the bid were referred Mr. Charles Fisher, Am. 
Soc. E., Chief Engineer the New York Central and Hudson River 
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Railroad, who acted that time consulting engineer for the bridge 
company; considered the plan feasible, and approved it. The 
contract for the whole work was accordingly awarded the Central 
Bridge Works, Buffalo, April 11th, 1883, condition that the 
structure completed December Ist the same year, and built 
according specifications which had been agreed between the 
Niagara River Bridge Company, under advice their consulting 
engineer, and the contractors. 

These specifications are given Appendix No. 

The contracts for the following portions the work were sublet 
the Central Bridge Works: 

Excavation and masonry Dawson, Simmes Mitchell, Niagara 
Falls, Ont. 

Beton foundations John Goodridge, Jr., New York City. 

Steel and iron compression members for towers Kellogg Maurice, 
Athens, Pa. 

April 26th the writer had interview with Mr. Cornelius Van- 
derbilt, President, and Mr. James Tillinghast, Vice-President the 
Niagara River Bridge Company, when was informed his appoint- 
ment chief engineer, and requested take charge the work imme- 
diately. 

The writer appointed Mr. Trew his principal assistant, and 
subsequently Mr. James Bell and Mr. Betts were employed 
assistant engineers. 

accurate survey and profile the bridge site had been made 
previously Messrs. Cunningham and James Bell. The 
writer commenced once perfect the plans and work out the details 
the structure, with the kind assistance the Engineer the Central 
Bridge Works. 

making the final plans was found necessary make some 
changes from the original design. The length the cantilever arms, 
well that the intermediate span, had changed suit the 
final location the piers. The end-posts the shore ends the 
cantilevers were made inclined, similar the river ends, for the pur- 
pose bringing the anchorage masonry above ground, thus saving the 
labor rock cutting, besides having better access the anchorage. 
time was very important factor this work, and having been 
convinced previous experience the uncertainty obtaining steel 
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satisfactory quality short time was needed for this work, 
the writer concluded limit the use steel pins and heavy com- 
pression members, such tower-posts, center-posts, compression-chords 
and end-posts the cantilevers. was also decided use double 
system diagonals for the cantilevers, although the writer does not 
ordinarily advocate double intersection. was done, however, this 
case, have intermediate support for the posts, some which are 
very long and had made two sections; and also, with reference 
convenience manufacture, shorten the eye-bars for the main 
ties. 

general plan the structure was built given Plate 
No. LI. 

Work was commenced the bridge site April 15th, and the 
material for the superstructure was ordered the contractors soon 
the plans were far enough advanced; work the bridge site well 
the shops was pushed along vigorously under the very able manage- 
ment the Central Bridge Works, until the bridge was completed and 
opened for traffic December 20th, 1883, about eight months from the 
commencement the work. 


Location AND SURROUNDINGS. 


The bridge which the subject this paper crosses the Niagara 
River about two miles below the Falls and about 300 feet above the 
Railroad Suspension Bridge, and connects the village Suspension 
Bridge, New York, and the town Niagara Falls, Ontario. 

Previous the building this bridge, the Niagara was spanned 
two railroad bridges, viz.: the Railroad Suspension Bridge, near which 
the new bridge the International Bridge, crossing the 
Niagara Black Rock, one the suburbs the latter was 
formerly used the Michigan Central Railroad, and both bridges 
were controlled the Grand Trunk Railway, was deemed desirable 
for the interests the Michigan Central Railroad have indepen- 
dent crossing, for which the site the new bridge was selected. 

The bridge connects the American side short approach with 
the tracks the Niagara Falls branch the New York Central and 
Hudson River Railroad. the Canadian side was necessary 
build branch line, known the Welland Cut-off, which intersects the 
Niagara Falls branch the Michigan Central Railroad the View,” 
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Falls, and joins the main line the Michigan Central Rail- 
road Welland, Ont., having total length miles. 

The Niagara River forms the outlet Lake Erie into Lake Ontario 
miles long and part the boundary line between the 
United States and Canada. contains many islands, which Grand 
Island the largest, and about miles from its source occurs the 
great cataract Niagara Falls. 

The strata from the base the escarpment Lewiston (about miles 
from Lake Ontario) the Falls are represented eight divisions, 
which the bottom red shaly sandstone and marl which forms the 
bank Lewiston and extends Lake Ontario. Above this gray 
quartzose-sandstone this layer forms the bed the lower rapids, and 
the river cuts through this layer the whirlpool. The third layer 
ared shaly sandstone, which, with the one below it, forms the Medina 
sandstone group, which shows the river bank just below the Suspen- 
sion Bridge. Above this thin layer green then come 
compact gray limestone, then soft argillo-calcareous shale, 
which known the Niagara shale above this compact limestone, 
known the Niagara limestone, which the stratum which the 
anchorage piers the bridge rest. 

The bridge spans chasm about 850 feet width between the 
bluffs and 210 feet depth the surface the water. The banks 
both sides the river have slope about degrees from the water’s 
edge about feet below the top the cliff, above which they are 
vertical. The river feet wide the bridge site and the 
water has velocity about 16} miles per hour the center the 
river, forming whirlpools and eddies along the American shore. 
account the rapid current the stream has been impossible 
ascertain the correct depth the river, but estimated 50-to 
feet the center. 

The sloping banks the river the bridge site consist mass 
large boulders and broken rocks from the hard limestone layer which 
forms the upper stratum, mixed with earth and debris. The limestone 
has been undermined the action the water, which has cut away 


the argillaceous stones, leaving the limestone this stone 
falling into the gorge large masses has formed natural rip-rap from 
the ferry below the Falls the Suspension Bridge, and has prevented 


further erosion the softer stones. Below the whirlpool there are 
hard rocks the bed the river. 
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making the excavations the pits near the edge was 
found that the material removed consisted wholly the strong lime- 
stone above mentioned. The indications are that bed rock could 
have been found for the foundations the piers which support the 
towers, unless the excavations had been extended the bottom the 
the bridge had been founded the shale Medina sand- 
stone, would have been necessary have rip-rapped with immense 
rocks, nature has already done the bridge site and the Falls. 
The erosion the softer stones and the rip-rapping the banks the 
falling the large stones can now seen the east bank the river 
below the Suspension Bridge the river cutting into the ledge until the 
rock the limestone group breaks and falling forms which 
protects from further wear. Just below the site the foundation 
the east bank, fallen limestones have made raceway, which has been 
site mill, and has remained its present condition unchanged 
from the time the oldest records. 

There sufficient accumulation earth the broken rocks 
support vegetation, and from the Suspension Bridge the Falls the 
banks are heavily wooded the edge with trees, many them 
considerable size, showing that this bank has been undisturbed for 
long period. 

Work the foundations was commenced April 15th, 1883, 
excavating the pits for the river piers which were form the supports 
for the towers. This work mainly consisted excavating and removing 
loose rock and debris. great deal blasting had done, most 
the pieces rock forming the banks the river were such size 
that they could not handled whole, and many them extended far 
into the banks. The materials excavated were deposited into the river 
front the pits much was washed away again the current 
the water, only the largest pieces remaining. This work was done 
simultaneously both sides the river. was first supposed that 
somewhere near the water’s level ledge solid rock might struck, 
and the intention was place the masonry directly the rock 
foundations prepared making smooth, level surface the same. 
the work excavating progressed became more and more appar- 
ent. that the formation which was found the sloping banks was 
likely extend some distance below the level, and the work 
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excavating into the banks was attended with great difficulties and 
dangers, was decided excavate only deep enough reach com- 
pact layer large rocks and far enough back into the banks form 
pits large enough hold the masonry. about the level 
each side the river, good bed irregular-shaped, but very large, 
rocks, was found, closely bonded and interlocked with each other, 
which the writer considered excellent foundation for the weight 
which would thrown upon the structure and masonry. 

the suggestion the contractors was decided leave the irreg- 
ular shape the bottoms the pits and prepare bed for the masonry 
filling these pits average depth about feet with Beton 
Coignet,” made John Goodridge, Jr., New York City. 
foundations were prepared removing all the small pieces rock and 
debris and carefully cleaning out the interstices and cavities, but leaving 
the irregular surfaces The beton was prepared top the 
cliffs and let down into the pits chutes; was well rammed into the 
thus fitting all irregularities the sides well the bot- 
tom and bonding all the rocks into one solid monolithic mass. This 
method will distribute the pressure uniformly over the entire area the 
foundations and transmit portion the adjoining rocks, thus in- 
creasing the actual bearing surface the footings extent. The 
size the foundation for each pair piers, although irregular shape, 
averages about feet length and feet width, making area 
about 000 square feet. 


The weight thrown upon one pair piers the superstructure, in- 


cluding live load and wind pressure, is........... 348 000 pounds. 

Total weight one foundation.................. 930 000 pounds, 


which makes pounds per square foot, about pounds per 
square inch; this will seen within the safe limits. the actual 
area the foundations, owing method above described, prac- 
good deal larger than the one assumed the calculations, the 
pressure per square foot still further reduced. 

The beton beds were leveled off elevation feet above the 


water level receive the masonry; they average about feet thick- 
ness. 
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After the beton foundations were nearly completed and work the 
masonry the American side had commenced, question came re- 
garding the stability the foundations. 

the bridge was used the Michigan Central Railroad, 
Ledyard, the President that road, requested the late Mr. 
Phelps, Chief Engineer the Michigan Central Railroad, make ex- 
amination the foundations. Mr. Phelps after making examination 
reported that was not perfectly certain the stability said foun- 
dations, being the opinion that the structure could 
only solid rock. 

Mr. Cornelius Vanderbilt, President the Niagara River Bridge 
Company, then sought the opinion Mr. Charles Fisher, Am. 
E., Chief Engineer the New York Central and Hudson River 
Railroad. Mr. Fisher also made examination and partly supported 
Mr. Phelps’ views, and suggested that, did not wish rely his 
own judgment solely case such importance, the opinions other 
engineers acknowledged authority should obtained. 

accordance with Mr. suggestion Mr. Tillinghast, Vice- 
President the Niagara River Bridge Company, selected Mr. George 
Morison, Am. Soc. E., and Mr. Charles Macdonald, Am. Soc. 
E., New York City, experts, who visited the bridge site and 
made examination They gave their opinion written 
report, and expressed themselves satisfied with the stability the 
foundations. 

few days afterwards, Mr. John ‘A. Wilson, Am. Soc. E., 
Philadelphia, Mr. Stedman, Chief Engineer the Lehigh Valley 
Railroad,and Mr. Theodore Cooper, Am. E., New York 
City, who were the time Buffalo other business, were also re- 
quested make examination the give their opinion. 
They made their examination July 10th and reported favor the 
foundations. 

The official reports both commissions engineers are given 
Appendix No. 

The masonry was built Queenston limestone laid cement 
courses about feet rise, excepting the filling and backing, for which 
Black Rock was used. 

The piers which support the towers are feet square under the 
ing and have batter inch the foot; each pair piers 
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wall feet thick top and battering the same the piers. These 
piers, together with the beton foundations, are shown Plate 

The drawing also illustrates the underlying and surrounding rock 
formation. 

The masonry for these piers was laid with derrick placed the end 
platform, 180 feet above the water’s level, top temporary 
trestle, which trestle was used afterwards for the erection the towers 
and shore arms the cantilevers. The stones were lowered from the 
cliff the platform derrick erected above, and from there were run 
out hand cars track top the trestle the other 
the end the platform, which was used for laying the stones. These 
derricks had 50-feet booms and were each provided with hoisting en- 
gine working single wire rope. 

Work the foundations was commenced April 15th, and the beton 
filling the American side was commenced June 6th, and the 
Canadian side June 13th. The beton foundations were completed 
June 26th the American side and July 13th the Canadian side. 
Laying stone was commenced the American side June 26th and 
the piers finished August 20th; the Canadian side the masonry 
was commenced July 14th and completed September 

The following table gives the quantities beton and masonry, 
yards, used the piers which support the towers. 


Masonry. 
American side, north 696.4 cub. yds. 


The anchofage piers are located top the cliffs and are feet 
feet inches under the coping, with batter inch the foot. 
form the supports for the shore ends and also act counter-weights for the 
cantilevers. order utilize the whole weight the masonry for the 
anchorage, they are built platform consisting twelve wrought-iron 
plate girders feet inches deep and feet long; these plate girders 
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eighteen 15-inch beams, through which the anchor bars pass. The 
lower ends these bars have screw ends and are provided with nuts 
which screw against wrought-iron washer plate; the upper ends 
the anchor bars are formed into loops which connect the pin around 
which the rockers oscillate. evident that with this arrangement 
the weight the whole mass masonry the anchorage piers 
brought into account. 

Each anchorage pier contains average 454 cubic yards 
masonry, weighing, together with the iron-work, about 000 000 pounds. 
the uplifting force from the cantilever under the most unfavorable 
position loading 612 000 pounds, have factor safety 
about the weight the anchorage against the overturning the 

The foundations for the anchorage piers were prepared excavating 


the rock such depth give the piers the required height; the pits 


were then partly filled with masonry form bed for the beams 
and plate girders, leaving cavities under the washer plates which open 
the outside gain access the nuts the anchor bars. The 
masonry for the anchorage piers was the same class that the 
tower piers. 

The details one the anchorage piers are shown Plates LIII 


and 
SUPERSTRUCTURE. 


The structure carries double track; consists two cantilevers 
which rest iron towers, and whose shore ends are anchored masonry 
piers, the river ends being connected intermediate span. 

The principal dimensions the structure are follows: Distance be- 
tween centers anchorage piers, 910 feet 2}inches; length each the 
cantilevers, 395 inches between.centers end-pins; and length 
the intermediate span, 119 feet inches between centers end-pins. 

order define the principles the system upon which the cal- 
culations were based, will consider the structure shown the 
accompanying diagram, with the members DE, FG, removed: 
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both endsand free move horizontally. the fiuished structured 
the members DE, FG, are put in, but have oblong pin-holes 
the points that limited longitudinal motion can 
take place these points. Those members are necessary transfer the 
wind strains from the center span the cantilevers. ‘This arrangement 
eliminates the temperature strains, and makes possible determine 
the strains the middle span with the same accuracy any 
truss. 

The cantilevers being supported three points, and would, 
the web systems the trusses were continuous from end end, form 
system which the strains are ambiguons (beam continuons over 
three supports). However, omitting the diagonals panel BC, 
evident that other strains can transmitted between and than 
moments, the points support being practically reduced and the 
shearing strain panel becoming the strains become well 
and can determined with precision. denotes the resultant 
the loads the left cantilever arm and the resultant the loads 
acting upon the right cantilever arm, and their respective distances 
from the supports and and Ry, and the reactions points 
have the following simple equations for the reactions 


the assumption correct, that there shearing strain the 
panel over the towers, the moments section must equili- 

substituting the value from equation obtain 
thus proving that condition loading can produce 
strain panel BC. The eqnations also show that 
larger than the reaction becomes negative; the cantilever 
therefore must anchored down 

After the reactions and are determined, the calculations 
strains the various members composing the cantilevers offer 
difficulties. 

order eliminate the temperature strains the shore arms the 
cantilevers, well their effect upon the towers, the supports 
must movable horizontally. accomplish this, the shore ends 
the cantilevers are supported rockers, consisting short links, capa- 
ble resisting tension well compression, hinging pins which 
rest pedestals, and are anchored the masonry. 

proportioning the structure, the following moving lead was 
assumed, per specification agreed upon between the contractors and 
the Bridge Company, viz.: train each track, headed two 66-ton 
locomotives, having 000 pounds three pair drivers, spaced feet 
between centers, followed train load pounds per lineal 


| | 
| | 
| 
| 
4 
5 
| 
ay | 


510 SCHNEIDER NIAGARA CANTILEVER BRIDGE, 


foot. The following diagram the locomotives assumed for the 
calculations 


4000 


_ 70000 lbs. 


The fluor system, however, has been proportioned for 78-ton consolida- 
tion engines, which excess the loads called for the specitica- 
tions. This was done view the possibility that some future time 
consolidation engines might used the bridge, which would 
practice and under not increase the strains the mem- 
bers the structure above those the bridge has been calculated for, but 
would increase the strains the floor system materially. The diagram 
the engines assumed for the calculation the floor system given 
below 


- 


The lateral system proportioned resist wind pressure 
pounds per square foot train surface feet vertical height, plus 
the same pressure per square foot upon the exposed surface both 
trusses and the floor system; the wind pressure the train surface 
being considered moving load. 

The strains produced the above-mentioned loads and the strains 
due the dead the structure, computed from the actual shop 
weights the several panel points, are shown the strain-sheet 
Plates LIV and LV; the dead-load strains being marked the live 
load the wind strains denoting tension and compression. 
The maximum strain produced this load was intended limited 


strain 
maximum strain 


strain 


pounds the iron members tension. The above formule are modifi- 
cations Weyrauch’s formula derived from experiments. The 
actual weights the finished structure, turned out little 
different from those assumed the first calculations, and the dead 
load important factor structure this kind, the strains per 
square inch section the different members were thus some 
cases increased, others decreased. The bending strain the steel 
pins was limited 000 pounds per square inch the extreme fiber, 
the strains each bar being concentrated its center. 
The maximum tension allowed the lateral rods was 000 pounds per 
square inch. 
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The tower-posts, lower chords, center and end-posts cantilevers, 
pins and top-castings for towers are steel; all the other parts the 
bridge are wrought-iron, excepting the shoes for the tower-posts, 
filling rings, washers and hand-rail posts, which are cast-iron. 

The towers are 132 feet inches high from top masonry center 
lower chord cantilevers. Each tower composed four main 
posts, which are connected each other horizontal struts, and braced 
diagonally tie-rods. These posts rest cast-iron shoes the bot- 
tom, which are supported the masonry piers. The tops the posts 
consist steel castings, which support the cantilevers 7}-inch 
steel pins. The tower-posts have batter right angles 
the axis the bridge, and batter parallel the axis the 
bridge. The distance between centers posts their base feet 
inches right angles the line the bridge, and feet inches 
parallel it. top, where the posts form the support for the canti- 
levers, the distance between their centers feet right angles 
the line the bridge, and feet parallel it. The tower-posts are 
formed steel plates and angles; each post consisting two side 
plates inches wide, varying thickness from inch inch, 
angles cover plate two filling plates between 
the angles and two balance plates 5’’ the side oppo- 
site the cover plate, which side the posts are double laced with bars 
The horizontal struts which form the connection between 
the posts divide the towers into five sections nearly equal height. 
The struts running right angles the center line the bridge con- 
sist two channels with the turned in, laced top and bottom 
they are inserted through the open side the tower-posts and con- 
nected them steel pins. The horizontal struts running 
parallel the center line the bridge consist angles 
double-laced all four sides, and are riveted the web plates the 
posts. the three lower sections the towers the horizontal struts 
running right angles the line the bridge are intersected 
vertical strut, consisting two 10-inch channels, laced the open 
sides. The various panels formed the post and horizontal struts 
are braced diagonally square tension rods attached steel pins and 
provided with sleeve nuts for adjustment. 

The general plan one these towers given Plate LVI and 
the details are shown Plate 
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Each cantilever consists arm 195 feet inches long, one 
panel feet over the tower and river arm 175 feet length. The 
cantilever trusses are divided vertical posts into panels feet, 
with the exception the end panel the shore arm, which feet 
inches they have double system diagonals, and are spaced 
feet between centers they are feet deep over the towers, feet over 
the last vertical post the river end, and feet over the last vertical 
post the shore end. 

The upper chords the shore arm receive alternate tensile and com- 
pressive strains loads which are applied between the anchorage and the 
tower produce compression, and those applied the river arm inter- 
mediate span produce tension. the largest strains are tension, the 
upper chord the shore arm been constructed tension mem- 
ber composed eye-bars mainly, but has compression member packed 
between the chord-bars. The eye-bars are inches wide and vary 

The compression member consists two web plates 18’’ and 
four angles double latticed top and bottom. This strut 
made lengths one panel, with pin joints each end. 

The upper chord the tower panel consists fourteen 8-inch eye- 
bars. 

The upper chord the river arm, which is, like that over the tower, 
strained tension only, composed entirely eye-bars, inches and 
inches deep. 

The lower chords and inclined end-posts the cantilevers are steel 
compression members, which are composed plates and each 
member consisting two side plates inches wide, varying thick- 
ness from inches, and four angles the section in- 
creased filling plates each side between the angles and additional 
side plates, according the required area. cover plates were used, 
preserve symmetrical section, the pins passing through the 
neutral axis the member, which the writer considers very es- 
sential compression members order develop the full strength 
the same. 

The vertical posts over the tower supports are steel, and composed 
two plates 20’’ and four angles §’’, double-laced they 
are made two lengths and spliced the center. 


The intermediate vertical posts are formed two 15-inch chan- 
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nels with the flanges turned outwards and double-laced. The three 
posts next the tower are made two sections and spliced. 

The main ties are eye-bars and inches wide, and from 
inches thick; they are made two lengths, with the exception 
the end ones, and are coupled pin which passes through the 
posts their intersection with the main ties. 

The end panels the shore arms are provided with counter ties, 
which consist two bars the last panel, and square bars, 
varying from inches, the adjoining three panels. both 
ends the cantilevers, the last two sets ties are connected 
the pin which passes through the intersection the center line 
the end-post with that the lower chord means short links. 
These links are interposed for the purpose defining the strains the 
ties attached them, their center line determining the direction the 
resultant. 

All the principal connections are made steel pins and 
74-inch diameter. 

The vertical posts over each tower are stiffened horizontal strut 
between them the center, and another strut attached the same pin 
and connected with the intermediate pin the next post and the pin 
connection the first set main ties. 

The floor beams are riveted the vertical posts just below the upper 
chord, and these places the two channels forming the vertical posts 
are connected web plate instead lacing. The floor beams also 
rest brackets made two angles riveted the inside the posts, 
which brackets are also used for the connection the sway-rods but 
this bearing not estimated calculating the strength the connec- 


tion. The floor beams the river ends the cantilevers are sus- 
pended from the pin; their ends being atfached short eye-bars, 
rigidly connected together web plate and angles, and the lower 
ends which the suspenders carrying the intermediate span are con- 


rigid connection also made between these floor beams and 
the inclined end-posts the cantilevers short strut, consisting 
two 10-inch channels, laced. 

The wind and sway bracing arranged the following manner 
Horizontal struts are attached the main pins the lower chord and 
the intermediate pins the vertical posts, connecting the posts 
transversely these struts consisting two 8-inch channels, laced. 


4 
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The connections are made small pins, which pass through the ends 
the struts and through U-nuts screwed the ends the main pins. 
The bends which are thus formed each pair vertical posts and 
the horizontal struts and floor beams, are braced transversely di- 
agonal rods the only exceptions are the posts over the tower supports, 
which are braced transversely angle-iron lattice-work. The inclined 
end-posts are also braced transversely diagonal rods. The connec- 
tions the lower lateral rods are the pins which pass through the 
U-nuts and the ends the lateral struts. The upper lateral rods are 
pins which pass through angle-iron lugs and plates riveted 
the fioor beams the upper flange. 

The lateral connections are all made turned steel pins, and all rods 
are supplied with sleeve-nuts for adjustment. 

The cantilevers are supported over the towers pins steel cast- 
ings, while they are connected their shore ends the anchorage 
piers rockers. The anchor rods are inches square, the upper ends 
which are formed into loops, through which pass the pins which 
the rockers are connected. 

The detail plans the cantilevers are given Plates LVIII and 
LIX. Cross-section over tower shown Plate 

The intermediate span 119 feet inches long between centers 
end-pins, and feet deep, and divided into five panels feet 
each, excepting the center panel, which feet inches. The trusses 
are spaced feet between centers, the same the cantilever trusses. 
The upper chord consists two 15-inch channels and one cover-plate, 
the under side. the lower chord the 
intermediate span had resist compressive strains during erection, 
being erected the cantilever principle, the same the river-arms 
the cantilevers, was designed compression-member, consisting 
two 12-inch channels, laced top and bottom. the center panel the 
lower chord consists six 5-inch eye-bars and thickness. 
The vertical posts are similar those the cantilevers, composed 
two 12-inch channels each, laced. The first panel-suspender, which acts 
only support for the lower chord, consists rods inch square, 
the upper part consisting two flat bars, with web plate 
riveted between them form attachment for the floor beam. This 
floor beam has bracket attached each side connecting with the pin. 
The diagonals are 4-inch eye-bars, and the center panel provided with 
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counters. The lateral and transverse bracing for the middle span 
arranged similar that the cantilevers, with the exception the 
top lateral bracing over its end panels, which consists angles riveted 
the floor beams and stringers. these are the panels which have 
the expansion joints, the angle-iron braces were substituted for the tie- 
rods, give lateral stability without interfering with the working 
the expansion joints. 

The detail plans the intermediate span are given Plate LX. 

The iron-floor system consists four lines stringers placed 
feet between centers, resting directly the transverse floor beams 
each panel point. The bottom flange the stringer riveted the 
top flange the floor beam. stringers are spliced their joints 
and braced transversely brackets made flat iron. set 


‘stringers stiffened the center angle-iron frames riveted be- 


tween the webs the stringers. The stringers the end panels rest 
the shore end, sliding plates the anchorage piers; the stringers 
being connected transversely that place angle-iron frames similar 
those which stiffen them their center, but extending across the 
whole width between the trusses and connected the end-pins, forming 
the end-top lateral strut. The stringers are proportioned for 78-ton 
consolidation engines besides their own weight and that the timber 
floor. Each stringer consists web plate and four angles 

The maximum bending strain the extreme fiber the stringers 
produced the above-mentioned loads 100 pounds per square 
inch. 

The floor beams consist web-plate with four angles 
plate stiffened angle-iron stiffeners under each stringer sup- 
port. 

The floor beams are proportioned for the same engine load the 
stringers, besides the weight the floor. The maximum bending strain 
the extreme fiber these beams 660 pounds per square inch. 
the floor beams are also acting top lateral struts, and besides are 
used stiffen the structure transversely connection with the trans- 
verse rods, was thought advisable give them excess strength, 
and therefore the fiber strain was limited the one above mentioned. 
The floor the superstructure consists oak ties and 
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feet long, resting the stringers. They are spaced inches be- 
tween centers, and are notched down over the stringers. The 
track laid with 60-pound steel rails. There are four lines oak 
guard-timbers, spaced feet from the center line each track they 
are notched down inch the ties and are bolted every third tie 
bolts. The spaces between the outer guards and ribbons are 
planked with 2-inch pine plank. iron hand-rail placed each 
side the floor, consisting cast-iron posts, spaced feet apart and 
bolted the ribbons, carrying four lines 1}-inch gas-pipes. The 
floor, including rails and hand-rails, estimated weigh 795 pounds 
per lineal foot, assuming the weight timber pounds per foot, 
board measure. 

The quantities material for the superstructure are given the 
following table: 


Steel. Wrought 


Total. 

| 

Lbs. Lbs. Lbs. 
span ............. 289 545 294 973 


FOR SUPERSTRUCTURE. 


The iron used the construction the bridge was manufactured 
Messrs. Atkins Brothers, Pottsville, Pa., and Graff, Bennet Co., 
Pittsburgh, Pa. 

The steel was made the Spang Iron and Steel Company, Limited, 
Pittsburgh, Pa., with the exception the steel used for the pins and 
the steel castings, which were made the Cambria Iron Company, 
Johnstown, Pa. 

All materials were manufaciured into finished members the shops 
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the Central Bridge Works, Buffalo, excepting the compression 
members for the towers, which were made the shops Messrs. Kel- 
logg Maurice, Athens, Pa. 

The work the shops was inspected Mr. Jacob Jung. 

The heads the eye-bars were formed die-forging, which done 
piling pieces scrap the end the bar, which then heated 
heat and hammered under steam-hammer into die which 
has the shape the eye-bar head. Some these finished eye-bars 
were tested the Government testing machine the Watertown 
record these tests given Appendix No. 

The material was inspected the mills Mr. Zimmermann, 
Pi. sburgh, Pa., who made all the sample tests which are recorded 
Appendix No. 

The records the tests accepted steel are accompanied par- 
tial chemical analysis furnished the manufacturers. selecting the 
material the specifications were strictly adhered to. The following 
change, however, was the original specification for the steel: 
The original specification required the sample bars show reduced 
area the point fracture per cent.; this was changed per 
cent. 

The steel test bars were all rolled from test ingots into 
rounds, 

According the experience with steel for structural pur- 
poses which had made according specification, there have 
always been considerable delays, and this case was exception the 
rule. The records the tests will show that the steel which has been 
accepted was good uniform quality. There were 245 heats made 
the Spang Iron and Steel Company, which 109 heats were accepted 
and 136 rejected. 

ERECTION. 


The towers were erected means derricks placed the ends 
the same false-works which had been used handle the stone for the 
masonry. The material was lowered with derrick from the cliff upon 
hand-cars, and run vut the derrick the end the false-works which 
were used for the handling the iron erecting the towers. The 
various pieces composing the towers were lowered and placed their 
respective positions this derrick, and the towers thus completed 
sections. 
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The erection the tower the American side was commenced 
August 29th, and the Canadian side September 10th. The tower 
the American side was completed September 8th, and the 
Canadian side September 18th. After the towers were erected, upper 
false-works were put top the trestles, and the shore arms the 
erected. The shore arms being completed, track was laid 
the completed shore arms, and the the river arms com- 
menced. 

The river arms the cantilevers were erected with traveler, con- 
structed for that purpose the contractors. This traveler, the details 
which are shown Plate LXII, was built place top the shore 
arm. The traveler consisted substantial wooden framework braced 
with iron rods. was supported cast-iron wheels diameter and 
face steel axles; these wheels run between timber guides the 
outside stringers the permanent bridge. The traveler was anchored 
the three last transverse floor beams the completed portion the 
structure iron clamp-hooks, hinged bolt which passed through 
the timbers, and was provided the top with screw-end, nut and 
washer plate. These clamp-hooks caught under the upper flanges 
the floor beams; screwing the nuts the clamps held the traveler 
firmly down the truss. The traveler was feet inches long from 
out out, projecting feet beyond the completed truss, with 
extension the rear end reaching the next panel point, where was 
anchored the clamp-hooks. The extreme height the traveler was 
feet, and the width over all feet inches. The traveler was pro- 
vided with derricks; power was Copeland Bacon 
hoisting engine with inches diameter cylinder and 8-inch stroke, 
and vertical tubular boiler feet inches feet. The engine was 
connected proper gearings and shafts, shown the plan (Plate 
with the winches around which the hoisting ropes were passed. The 
material was conveyed hand-cars run track the center from 
the shore end the traveler. The derricks were arranged that they 
could lift the material from the car and lower the pieces into their 
respective places the structure, transfer the same one the 
tackles suspended from cross-beam top the traveler. Those 
travelers were first placed the panels over the towers, and the 
adjoining panels were then erected the following manner: The mem- 
bers composing the panel were lowered into place and held position 
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until the connections were made and the panel thus completed. The 
traveler was then moved forward one panel length; this was done, after 
the clamp-hooks were loosened, passing ropes, which were fastened 
the front floor beam, over the sheaves (see Plate back the 
winches. 

For the safety and convenience the workmen while connecting the 
different parts, hanging platform was used suspended from the trav- 
eler 1-inch iron rods, which were adjustable having short links 
feet length attached their lower ends, this distance being equal 
the rise the lower chord each panel length; the height the plat- 
form could adjusted removing one set links each advance. 

Plate shows the bridge during construction; the false- 
works used for the erection the shore arm the cantilever are 
shown place. The traveler position for the erection the 
third panel from the tower; chord section just being put 
place. The heaviest members handled with this traveler weighed 
about 000 pounds. 

The intermediate span which connects the also 
erected with the travelers, lower chord (with the exception the 
center panel) being made compression member. last position 
the travelers was over the end panels the cantilevers, leaving space 
feet between them. After portion the intermediate span had 
been erected, number timber beams were laid across top between 
the travelers, bridging the open space, and forming false-works from 
which the last connections were made. 

The metal the cantilever shore arm the American side was 
placed the false-works September 25th, and erection completed 
October 15th. The erection the cantilever shore arm the Canadian 
side was commenced October 8th, and finished October 22d. The 
traveler the American side was completed October 25th, and erec- 
tion the commenced October 28th. The traveler the 
Canadian side was completed October 31st, and erection the river 
arm commenced November 4th. The last connection was made 
November 22d. 11.55 The travelers were then taken down and 
the false-works removed. The laying the tracks was commenced 
November 31st, and the first track completed December 6th, when the 
bridge was crossed for the first time Mr. Burrows, Division 
Superintendent the New York Central and Hudson River Railroad. 
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his pony engine, having board with him the engineers the 
bridge. The whole structure was completed December 19th. 

The entire superstructure was raised under the direction Mr. 
Ryland, Superintendent Erection for the Central Bridge Works. 


December 20th the bridge was formally opened for traffic, and 
tested the presence great number engineers who were invited 
for the occasion. The tests were conducted committee consisting 
Messrs. George Morison, Am. Soc. E., Theodore Cooper, 
Am. Soc. E., and Charles Macdonald, Am. E., New York 
City, and Mr. Thomas Ridout, Engineer, Department Railways and 
Canals, Ottawa, Canada. 

the observations made the day the opening were not con- 
sidered absolutely reliable account the inclemency the weather, 
the committee expressed desire make some additional tests some 
time during the following spring summer. 

According agreement the 9th June was selected for the ad- 
ditional tests; the necessary preparations having been completed, the 
same engineers met again the bridge site and made the tests, the re- 
sults which are given the Report the Testing Committee 
Appendix No. 


reproduction photograph the Niagara Cantilever Bridge 
after completion, given Plate LXVII. 
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APPENDIX No. 


FOR BRIDGE OVER RIVER SUSPENSION 


GENERAL. 


The bridge will constructed for two railroad tracks, and will con- 
sist two pairs cantilevers, each 380 feet between the centers end- 
pins, and supporting fixed span between their inner ends, 125 feet be- 
tween centers end-pins; these dimensions may varied final 
location. The cantilever spans their land ends shall anchored 
and supported stone abutments, and their centers steel piers, 
shown general plan; the latter shall rest upon stone piers. 


Full detail plans showing all dimensions will furnished the 
engineer the Bridge Company for his approval before the work 
construction commenced, and any modification required him in- 
sure safe and substantial structure contemplated and described 
these specifications, shall made. The work will donein all re- 
spects accordance with these plans, and such modifications thereof 
may required the engineer. 


Pits for the foundations the piers and abutments shall exca- 
vated the depths and dimensions directed the engineer charge, 
and shall made smooth and level the bottom. 


Masonry. 


The masonry piers and abutments shall built sound, durable 
limestone, quality approved the engineer, and will first-class 
ashler work. 

All coping stone shall have beds and joints well bush-hammered and 
cut true the square, and shall the work form quar- 
ter-inch joint throughout. Each face stone shall rock-faced with 
edges pitched straight lines and projections exceeding inches. 
The beds bush-hammered throughout and the end joints for 
inches back. Stone laid their natural beds regular courses 
with header every and bonding not less than inches 
with contiguous courses. header less than feet long and 
stretcher less than feet wide. Nostone less than thick. 
The whole set level, well bedded mortar, and inch 
joint. The backing and filling large-sized stone, laid courses 
corresponding with the face stone, but courses may fill one the 
faces, provided stone less than inches thick used; the broadest bed 
laid undermost and have good bearing the stone below. 

draft inches wide shall cut all angles the masonry. 

Not more than unfinished courses shall allowed one time 
any wall, and, rule, course must wholly finished before another 
begun. 


Cement shall the best quality hydraulic, newly manufactured, 
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and well packed and protected until required for use; none used 

until accepted the engineer. Any cement condemned him must 

immediately removed from the work. 

All sand used mortar must sharp and clean, and free from loam 
and vegetable matter. 

The general proportions sand and cement for common mortar will 
sand and cement, and for pointing mortar sand and 
cement. shall used immediately after mixing, and any that com- 
menced set has been mixed more than half shall rejected 
and thrown away. Each course masonry when laid shall thor- 
oughly grouted with thin mortar the same quality the above. 

Ali outside joints will raked out depth inch and neatly 
pointed. 


The structure shall proportioned all its parts sustain the 
maximum produced the following loads: 


Ist. The dead weight the structure itself. 

2d. train each track, headed two 66-ton consolidated engines, 
having 000 pounds pairs drivers spaced feet between cen- 
ters, followed train weighing ton per lineal foot. 

3d. wind pressure pounds per sqnare foot train surface 

square feet per lineal foot bridge, plus the same pressure per 
square foot upon the vertical surface one side the structure and 
track, exposed any direction. 


MATERIALS FOR SUPERSTRUCTURE. 


The posts the towers, and the posts, bottom chords and pins 
cantilevers, shall steel. All other members shall wrought 
iron. 


STRAINS. 


iron members the tensile strains allowed shall be: 
main ties and chord bars for live load. 000 per sq. 


chord bars for dead loads..... 500 
chord bars for wind strains...... 12500 


compression the allowed strain shall meet the requirements 
Gordon’s formula. 

steel members the tensile strain per square inch allowed shall 
follows, viz.: 


maximum strain. 


This result shall used formula for compression the 
numerator the fraction place 000. 


MATERIALS. 


All material shall subject inspection, all times during its 
manufacture, the engineer and his inspectors, and any machine 
other tests material that may desire shall made without charge. 
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All steel shall manufactured the open-hearth process. Besse- 
mer steel will not accepted. 

Steel used compression members, pins and steel plates, shall con- 
tain not less than nor more than per cent. carbon, and 

Sample test bars inch diameter shall bend 180 degrees 
around that diameter without sign crack flaw. 

The same bars tested lever machine shall show elastic limit 
not less than 000 pounds per square inch, and ultimate strength 
not less than 000 pounds. shall elongate least per cent. 
length inches before breaking, and shall have reduced area 
per cent. point fracture. 

iron used tension members shall double refined iron. Small 

samples having minimum length inches shall show elastic limit 
least 000 pounds and ultimate strength 000 pounds per 
square inch, and shall elongate per cent. and show reduction per 
cent. point fracture. The fracture shall uniform fibrous char- 
acter. When tested full-sized bars, reduction from per 
cent. will allowed, according the size the bars. Small samples 
taken from plate and shape iron shall show elastic limit 000 
pounds and ultimate strength 000 pounds per square inch; shall 
elongate per cent.; and show reduction area per cent. 
point fracture. 


WoRKMANSHIP. 


riveted work the holes shall not punched more than inch 

larger than diameter rivet used, and when the parts are as- 
sembled cold rivet shall pass through without drifting 
will permitted. 

All rivets steel members shall steel, and, wherever possible, 
all rivets shall driven power. 

All pin-holes shall truly bored, equally distinct, paral- 
lel each other und right angles the axis the member. All 
bearing-surfaces shall truly 

Power-riveters shall direct-acting machines, worked steam, 
hydraulic pressure compressed air, and capable holding the 
when upsetting completed. 

Surfaces contact shall painted before being put together. 

All eye-bars shall die-forged. welding the body the bar 
will allowed. All screw ends shall enlarged, that the diameter 
the bottom the thread shull equal the diameter the bar. 

All pins shall truly turned gauge, and shull full size 
throughout. The pin-holes bored fit the pins, with play 
not exceeding inch. Pilot-nuts shall used the erection 
the work. 

All workmanship, whether particularly specified not, must 
the best kind now use first-class bridge work. Flaws, incorrect 
lengths, surface imperfections shapes will 
ground for rejection material. 

Constant and strict inspection the whole the workmanship and 
materials will made during the progress manufacture, and any 
time before after manufacture the engineer shall have power reject 
part the whole account defects. 
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PAINTING. 


The surfaces all members connected rivets shall well painted 
before they are put together, and all the work shall have one coat ap- 
proved metallic paint before leaves the shop, except machine-finished 
bearing surfaces, which shall coated with white-lead and tallow. The 
entire iron work shall, after erection, receive two good coats white 
lead mixed with boiled linseed oil. 


Work. 


Cross-ties will best quality white oak, feet length, 
square, and will boxed down inch the track stringers. 

There will four lines guard-timbers white oak and 
boxed down inch the ties and bolted every third tie 
bolt. 

Foot-walks 2-inch pine plank and about feet inches wide will 
the ends the ties, between the outer guard-timbers and the 

and-rails. 


hand-rail will placed each side. the bridge, consisting 
cast-iron posts, placed feet apart and bolted the ties, and support- 
ing four lines 1}-inch gas-pipe railing. 

The railing painted the same manner the other iron-work. 


APPENDIX No. 


Vice-President Niagara River Bridge Company. 


Dear have this day visited the site the new bridge across 
the Niagara River, which now being built the Central Bridge Works, 
Buffalo, short distance above the Railroad Suspension Bridge. 

have visited the foundation pits and examined the foundations 
thoroughly circumstances would admit of. some respects, this ex- 
amination would have been more satisfactory made before any the 
beton filling had been put the pits; but the main question, the sta- 
bility the irregular masses rockon which the piers rest, can 
determined now well earlier date. 

find that the piers which are support the iron towers which 
carry the cantilevers, are founded layers beton nowhere less than 
five feet thick, pits excavated the broken rock which forms the slo 
from the foot the vertical bluff the water’s edge, the bottom the 
excavation being about level with the water. This rock consists 
fragments various sizes, some them over thirty feet have 
broken off the hard limestone ledges, which are found higher 
the sides the chasm. Although the situation such that sound- 
ings can taken the water, except great then only 
near the shore, the character the slope shows that must extend un- 
der water with stable angle, and the growth large trees immedi- 


d 
‘ 
7 


SCHNEIDER NIAGARA CANTILEVER BRIDGE, 525 


ately the edge the water shows that the mass has remained un- 
disturbed for very long period. short distance below the bridge the 
natural formation found position the east side the river. 
consists soft red stone, which affected the water, with harder 
layers limestone above; these harder layers which have fallen and 
formed the debris when the soft stone had been worn from below the 
water. 

consider that this mass hard boulders, which owe their present 
stability gravity, forms foundation whose stability second only 
rock position, and extending approximately uniform level 
across the river; and consider such foundation very much safer and 
more stable than foundation stratified rock rising abruptly from 
the water, and exposed the wear the channel below the surface. 

find that the weight which your bridge will throw upon this 
foundation within the limits which safe practice allows for founda. 
tions loose material; and consider the method adopted, dis- 
tributing the weight mass concrete which locks into the inter- 
stices the mass rocks, the best method starting foundation 
such situation. 

consider that the plans for these foundations which have been 
adopted are all intents and purposes the same that should have 
selected the work had been placed our charge and the plans pre- 
pared ourselves, and believe that the use piers located these are, 
near the water’s edge, wise economy reducing the length the 
span and simplifying the construction the bridge. 

should recommend you, without hesitation, proceed with the 
construction your bridge the plans now use. 


Morison. 
CHARLES 
July 6th, 1883. 


July 12th, 1883. 


Chief Engineer New York Centrul and Hudson River Railroad. 


Dear been requested you examine the location 
the piers for the proposed new bridge the Niagara Bridge Com- 
pany, have visited the site, inspected the work done, and gathered 
such information could obtain during our visit. 

the place chosen for the bridge the slopes are not perpendicular, 
they are many places above and below this point, but are angle 
about degrees, and the excavations made show that the material 
forming the face the hill not place, but has been broken off from 
higher ground, and has fallen and packed together, forming mass 
boulders, mixed with clay, shale and other material from the original 
strata. Many the boulders showing the face the slope are 
immense size and appear firmly seated their places. 

The indications are that the present slope, showing above the water, 
has not been disturbed for long time, large trees are growing 
various points the slope referred to, and the condition its surface 
that there has been serious undercutting the river 
currents. 
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know inspection other points further down the river that 
soft strata exist the river cliffs; but this place they would 
appear covered and protected the slope composed 
gigantic mass rip-rap placed nature the same position that 
engineers would desire place artificially did not now exist 
there. 

The excavations for the foundations the piers have been made 
the mass rip-rap referred the bottom the excavations being 
near the water’s level. The excavations are simply niches cut into 
the slopes. 

Beton some feet thickness has been placed over the sur- 
face the excavation, filling the whole width the cutting and 
forming apparently solid Upon this the masonry for the foot- 
ings the towers the bridge have been started. 

The question submitted follows: this safe and reliable 
foundation for the proposed structure 

The stability the proposed depends entirely upon the 
stability the mass rip-rap which have described, and under 
ordinary circumstances the foundations would considered ample. 

The stability the mass rip-rap depends upon the permanency 
the footings the slopes under the river points inaccessible 
examination; the only danger apprehended undercutting 
the foot the slopes, and there are present indications that such 
action taking place, nor likely tuke place this point the 
future, unless there should radical changes the river. 

Taking all things into consideration, are the opinion that the 
foundations now projected are secure had this place 
any future changes the river which would affect the integrity 
the proposed foundations, would all probability equally affect any 
other foundation which could constructed this mass natural rip- 
rap. 
After considering the subject all its bearings, our judgment that 
there good reason for chauging the foundations now projected. 


Civil Engineer, Philadelphia. 


Chief Engineer Lehigh Valley Railroad. 


Civil Engineer, Broadway, New York. 


APPENDIX Ne. 
Tests 
Mass., October 16th, 1883. 


Tensile Tests Wrought Iron Eye-bars. 


SCHNEIDER NIAGARA CANTILEVER BRIDGE. 


ax 


Sectional area 11.9 square inches; gauged length 200 inches twenty- 
eight 10’’ sections laid off stem. 


INGAUGED |» | InGavcep | 
APPLIED LoaDs. ELon- || APPLIED Loaps. | ELon- | 
| Elon- | OF | | Elon- OF 
| pero” Inches) Ibs. | pero aches Inches 
| | |Inches } Inches 
59500, 5000 | ’.0310'.......! 280 000 
226 000 290 000 |. 
238 000 GOO | 
| 0204) 294 000 | 
240 000 |. 296 000 | ....--..)" i 
244000 . 1000 |.......] .0804 -18 
246 000 |. 303 450 | 25.000 |’ i 
248 000 309 400 
250 000 |... |, 321300 27000 
252 000 333 200 000 
254 000 | | 3845100 29000 


258000... 368 900 000 

| j { Snapping 
266 000 .. 76000 40000 | 

268 000 |... | | § Ultimate 
274 


276 
| 


Area fracture, 10.74 square inches. 

Contraction area 9.7 per cent. 

Broke stem from center hole 

Appearance fracture: dull, fibrous, laminated, with per cent. 
granular streaks. 

crack outside head front eye: also opened seam 
neck. 

Cracks barely started head front pin. 

Correct.—J. Howarp. 
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Fracture 


Crack 
opened 


Sectional area 11.9 inches; gauged length 200 inches; twenty- 
eight sections laid off stem. 


| 
| In GavGEep 
| 
| 


GAUGED 
IN GAUGEI 


GATION || GATION 
c. TOC, 1 c. TOC 
Inches 
1 000 292 000 
15 000)". 23); 29400 /.. 
18 000 296 000 |. 
19 000”. | 297 500 
20 000". 
*,.0108) 300 000 
| 302 000 
| 304 000 
306 000 
308 000 
309 400 
250 000 312 000 
252 000 "1696 | 314 000 
254 000 316 000 
256 000 av y 321 300 | 


AppLiep Loaps 


REMARKS. 


258 000 | 333 200 28000". 
345 100' 29 000 |....... 
262 000 | 357000 30000 .......). 
264 000 |. penal 368 900 31000 .... 

266 000 ** 183 380 800) 000 

| 416500 35000 . 
270 000 |... ‘ 

274 000 ** 476000 40000... 
276 000 

278 000 498000 41860. oo} 
280 000 ** 198 0 
282 000 . 
284 000 


Snapping 
sounds. 


Ultimate 
strength. 


Fractured stem 19’’ from center bar. 

Appearance fibrous, lamellar per per cent. 

Contraction area 9.9 per cent. 

Opened crack from fracture, 3’’ long, having fibrous appearance. 

PARKER, 
Major Ordnance Commanding. 
Correct.—J. Howarp. 
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APPENDIX No. 


Tests anp STEEL. 


Steel made Stationary Furnace. 


529 


Accepted. 


CHEMICAL ANALYSIS. 


| Carbon, 
per cent. 


Manga- 
nese, 


per cent. 


cocoo 


2 


Phos- 
phorus, 
percent. 


Elastic 
Limit, 


Pounds per 
square inch 


60 780 
64 100 
65 780 
54 440 
53 540 
53 720 
56 660 
58 120 
58 230 
52 340 
55 450 
53 050 
53 900 
55 030 
54 320 
50 998 
51 530 
54 160 
50 840 
56 070 
50 730 
49 080 
51 130 
50 090 
61 850 
54 870 
49 450 
55 630 
52 070 
51 510 
51 370 
47 530 
39 920 
44 730 
51 490 
50 070 
54 760 
62 000 
57 500 
60 140 
57 460 
62 200 
52 480 
46 650 
47 030 
47 850 
52 400 
58 290 
54 000 
52 480 
51 680 
57 200 
53 100 


MECHANICAL TESTS. 


Ultimate 
Strength, 
Pounds per 


Elongation | 


in 8 Reduction of 


* Area, per cent, 


square inch per cent. 

970 18.7 46.52 
920 18.25 41.20 
030 15.62 41.46 
620 20.37 39.24 
780 19.25 43.62 
220 20.37 39.43 
600 19.37 36.53 
790 21.00 45.36 
88 0-0 18.50 34.55 
860 17.75 36.80 
810 21.25 42.60 
80 880 20.00 37.60 
070 19.50 43.60 
510 21.25 40.80 
81 350 18.75 37.60 
690 18.12 34.90 
010 18.12 38.90 
540 17.50 33.20 
900 18.37 32.7 
630 20.50 33.10 
550 19.75 35.30 
010 7.50 32.90 
19.00 36.80 
620 17.50 35.00 
430 19.37 45.50 
730 16.75 38.00 
650 18.75 34.80 
650 15.75 31.30 
19.50 33.40 
68880 23.12 48.70) 
66000 24.95 45.50) Stee 
83640 15.62 30.70 
18.00 32:40 
85330 17.12 30.10 
83900 20.00 40.90 
82400 16.80 31.60 
81640 22.25 40.70 
£4410 15.87 32.20 
20.75 
22.75 37.70 
66 210 | 28.12 56.40) Rivet 
920 24.75 Steel. 
79500 16.75 36.70 
350 19.25 36.30 
000 19.37 31.60 
520 37.70 
000 21.25 
200 18.50 30.00 
300 18.40 30.30 


34 0.508 0.099 
0.610 0.099 
13 0.36 0.650 
0.34 
0.31 
0.38 0.080 
0.31 
0.36 
0.15 0.099 
0.16 
0.16 
0.35 
36 0.37 
39 30 ees 
0.098 
43 39 
0.570 0.106 
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Steel made Stationary Furnace. Accepted. 


CHEMICAL ANALYSIS. MECHANICAL TEsTs. 


Elastic Ultimate 
per cent. percent. per Pounds per, 

square inch square 


in 8 inches,| Reduction of 


per cent ’ Area, per cent. 


Carbon, 
| percent. 


Number. 


54 000 83 100 
52 000 81 000 
56 300 90 200 
53 320 87 530 
53 500 83 900 
57 500 8&4 800 
56 600 83 300 
58 700 85 300 
57 700 87 600 
50 900 79 600 
51 900 79 500 
54 000 80 200 
53 400 | #4 040 
51 130 83 600 
53 400 78 900 
58 270 86 500 
62210 | 89 350 
58 440 | 80 200 


58 590 | 85 780 | 


oo 


ecoocecoso 


Steel made Furnace. Accepted. 


| 
567 A | 55170 | 80610 | 


400 020 160 
81920 
80340 
080 400 
600 130 
58 760 81 050 
260 760 
690 
51060 
51600 
50930 79540 
52310 83700 
49990 81090 
55840 90010 
370 850 
86380 
49540 80390 
630 490 
55480 89210 
370 100 
990 
380 850 
220 050 
080 600 
400 880 


0.5 
0. 
0.3 
0: 
0. 
0. 
0. 
0. 
0. 


| 
19.25 36.40 
19.00 31.30 
100 18.75 34.90 
101 18.12 36.20 
103 21.25 39.10 
106 035 37.20 
i 
q 
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STEEL USED FoR MANUFACTURED CAMBRIA 
JOHNSTOWN, Pa. Made Pernot” Furnace. 


CHEMICAL ANALYSIS. MECHANICAL TESTS. 
phorus, in 8 inches,| of Area, 
| percent.| percent. | cont Pounds per Pu unds per er cent. | per cent 
114 0.40 50072 | 80 744 19.12 | 31.90 
115 0.32 51 210 83 985 20.37 34.40 
116 0.34 53 050 84 760 19.12 35.30 


BURGH, Pa. 


Steel Made Stationary Furnace. Rejected. 


| | ! 
Carbon. Per Square Inch.| Per Square Inch. Per Cent. Per Cent. 
1 0.28 | 55 540 | 77 580 j 20.00 | 49.9 
2 0.29 | 51 650 | 71 860 | 22.00 } 45.1 
3 0.27 | 47 160 76 350 | 21.25 } 39.0 
a 0.28 | 50 930 | 75 670 | 22.50 | 49.1 
5 0.29 | 49 000 | 73 400 22.12 | 48.4 
7 0.31 | 57 790 78 360 21.25 40.1 
8 0.30 | 52 920 76 760 19.50 | 33.3 
9 0.30 | 53 750 | 79 130 19.12 42.8 
10 | 0.30 | 51 650 j 78 910 19.38 | 44.3 
n | 0.29 48 530 | 74 310 20.25 } 44.6 
12 | 0.29 | 49 790 74 290 19.38 36.0 
18 | 0.42 | 53 480 94 490 12.00 11.6 
15 | 0.33 44 430 | 70 830 23.12 | 40.7 
16 | 0.26 | 45 670 76 360 19.00 40.1 
18 0.30 50 440 76 840 22.00 | 36.9 
19 | 0.34 48 630 81 190 16.87 | 32.8 
20 | 0 30 46 660 73 180 20.87 } 42.3 
21 0.34 47 640 74 870 19.00 38.2 
22 0.33 49 010 77 340 21.87 49.7 
3 | 0.27 | 57 610 97 490 14,62 | 23.7 
24 0.31 | 49 140 80 160 16.87 | 36.2 
0.35 630 310 18.75 35.2 
26 0.35 48 150 80 630 21.50 i 46.4 
27 0.43 54 260 87 100 18.12 30.2 
2 | 0.33 48 020 75 940 22.25 41.2 
30 | 0.29 50 260 78 060 18.87 33.9 
31 0.42 47 640 74 630 19.50 40.0 
32 0.39 56 830 86 470 16.62 30.6 
33 | 0.42 56 980 91 920 16.00 21.7 
0.43 590 960 16.25 21.1 
35 0.40 56 820 91 340 17.12 26.9 
0.51 940 130 6.87 7.8 
37 0.43 50 110 88 380 11.25 16.0 
38 0.35 48 240 76 860 18.50 32.5 
39 0.30 47 460 77 540 21.37 39.9 
40 0.28 46 880 76 330 21.50 35.0 
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Steel Made Stationary Furnace. Rejected. 


Number. 


Percentage Elastic Limit, Ultimate Strength, | Elongation Reduction 
of Pounds Pounds | in 8 inches, of Area, 
Carbon. Per Square Inch. Per Square Inch. Per Cent. Per Cent. 
0.30 020 19.50 38.9 
0.33 49 260 77 080 19.75 39.0 
0.33 48 440 77 460 19.62 39.1 
0.41 51110 85 940 16.00 23.0 
0.30 320 610 21.87 38.4 
0.33 56 070 85 180 16.25 27.0 
0.36 53 190 86 780 13.00 25.3 
0.33 330 980 20.50 34.9 
0.36 390 17.87 28.3 
0.35 260 720 13.75 18.3 
0.33 51 370 77 830 21.62 40.4 
0.36 030 330 14.7 26.2 
0.35 65 040 92 570 16.50 30.2 
0.30 350 19.00 34.4 
0.39 140 390 16.87 25.5 
0.45 56 500 93 190 11.25 AS 
0.43 800 600 14.25 18.7 
0.33 700 13.75 18.7 
0.27 000 200 23.25 40.4 
0.37 59 800 95 100 14.60 23.0 
0.3 000 200 13.50 18.7 
0.35 200 800 16.25 26.8 
0.32 610 240 13.75 26.5 
0.35 55 100 | 86 000 13.80 23.7 
0 32 52 590 | 76 770 21.75 42.1 
Steel Made Furnace. Rejected. 
0.31 400 820 15.00 
0.28 48 660 74 150 21.25 46.2 
0.32 48 530 76 750 21.26 43.6 
0.31 44910 70 420 19.50 45.7 
0.28 570 21.87 43.4 
0.31 260 78.800 17.50 36.2 
0.29 50 430 76 960 21.87 46.6 
0.42 990 570 23.50 16.5 
290 080 8.75 8.8 
0.36 45 520 74 990 ! 20.62 | 36.9 
0.30 160 140 20.62 44.3 
0.36 420 20.62 £5.3 
0.3 160 350 21.87 36.5 
0.34 950 15.62 24.9 
0.43 510 420 15.50 26.8 
0.32 370 950 12.50 25.4 
000 750 12.50 28.5 
0.30 45 920 74 B10 21.62 | 38.8 
0.25 230 22.50 49.8 
0.3 45 690 74.970 22.37 43.5 
0.31 680 310 16.87 
0.33 998 18.00 36.4 
0.30 700 620 22.75 36.9 
400 550 22.87 46.7 
0,35 46 900 72 880 22.25 36.2 
0.45 310 620 12.7! 14.5 
0.34 48 750 88 140 15.00 22.5 
0.36 420 660 15.12 29.5 
0.35 48 830 77 950 20.25 37.6 
040 780 23.00 38.6 
0,39 53 190 86 780 13.00 25.3 
0.43 50 930 82 390 13.12 24.2 
0.45 | 50 930 85 990 12.25 18.8 


‘ 
4 41 
42 
“4 
46 
47 
49 
50 
52 
53 
54 
55 
56 
t 57 
58 
59 
60 
61 
62 
63 
64 
68 
69 
70 
71 
72 
73 
75 
76 
17 
78 
79 
80 
81 
83 
m4 
85 
86 4 
87 
88 
89 
90 
91 
95 
96 
97 
100 
101 
102 
103 
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Steel Made Furnace. 


Rejected. 


533 


Percentage 
Pounds 
Carbon, 

0 30 50 070 
0.32 48 701 
0.37 FO 900 
0.35 52 070 
0.36 58 750 
0.35 51 530 
0.34 48 040 
270 
0.43 55 480 
0.37 50 040 
0.27 400 


86 160 
76 020 
77 600 
80 520 
79 610 
78 460 


77 266 


Elastic Limit, | Ultimate Strength, Elongation 
Pounds | 
Per Square Inch.| Per Square Inch. 


in 8 inches, 
Per Cent. 


Reduction 


Per Cent. 


of Area, 


| 
| 
| 


Tron MANUFACTURED Bennet Co., Pa. 


Number. 


Material. 


x 

x 

x 

x 

x 

x 

x 

6” plate. 

4 
x 

x 

x 

x 

x 

x 

x 

x 


30" 
‘ 
8” 13" 
16" 
4” 


Tron 


10” [,50 Ibs, 


0.368 27 000 


0.7775 540 410 

1.152 380 740 

| 0.8090 30 280 51 300 
0.6263 42 850 15.62 
0.6277 53 210 21.62 
660 

0.6232 050 220 14.50 
850 300 14.00 
0.3735 120 14.37 
1.296 730 050 21.50 
1.4068 920 820 
1.2670 380 330 
1.278 520 090 22.7 
000 200 29.00 
1.285 240 770 7.00 
1.176 400 11.00 
0.7476 420 490 17.25 
0.3761 30 580 50 410 10.50 
0.3991 730 11.50 
0.5030 30810 790 

Pa. 
0.6734 | 28070 45 860 16.40 
0.265 20 260 54740 14.00 

53670 


of area, 


per cent. 


Z | 
104 9.25 
105 
106 21.75 
107 6.50 9 
108 5.75 
109 15.25 21 q 
113 330 8.00 
i 4 
2 25 { 
20 oT 
19.0 
18.0 
17.0 
| 
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APPENDIX No. 
Report 


New July 15th, 
Chief Engineer Niagara River Bridge Company. 

the occasion the formal opening December 
1883, the great Cantilever Bridge, built under your direction across 
the Niagara River, were requested you act committee 
engineers, observe the tests made the bridge. Various circum- 
stances, among which may enumerated the very unfavorable weather 
and the large crowd visitors, disturbed the accuracy the observa- 
tions such extent that did not feel prepared make more than 
very indefinite report, and requested opportunity make another 
examination some later occasion. The observations made the 20th 
December indicated maximum deflection inches the ends 
the intermediate span under maximum load. 

Monday, June 9th, 1884, the desired opportunity was afforded 
examination, the bridge being placed our disposal from 
till noon, and the tests being conducted quiet manner, with- 
out the attendance visitors. The test load consisted two trains 
cars loaded with gravel, each drawn two locomotives. The train 
the north track was drawn Michigan Central locomotives Nos. 400 
and 417, and that the south track locomotives Nos. 421 and 424; 
the weights these locomotives were reported follows 


Weight Weight Tank Total Weight 


Ibs. 100 Ibs. 158 900 Ibs. 
| i 
Ibs. 000 Ibs. 147 000 Ibs. 
| | 


Each locomotive occupied about feet. 

The gravel cars had been loaded make the weight upon them 
nearly possible gross ton per foot the trains were long 
cover the entire structure. 

Rods had been set the six points designated Plate LXIV 
accompanying this report; these rods being wood, painted white, and 
with iron bases, which rested directly the iron-work the 
The observations the south truss were made with astronomical 
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telescope with object glass 30-inch focal length, fitted 
with cross hairs especially for this work, and which was kept fixed 
foresight. The observations the north truss were taken with ordi- 
nary engineer’s level. The observers sighted pencil points held 
the markers, who marked the reading directly the rods, from which, 
the completion the observations, the record was taken; the rods 
themselves remaining Seven sets observations 
were taken follows: 


Observation Head train west anchorage. 
Observation Head train point (west tower). 
Observation Head train point (east tower). 
Observation Head train east anchorage (whole bridge cov- 
ered). 
Observation Cars removed west point leaving two engines 
and three cars east cantilever arm. 


The train the north track was then allowed go, and set 
observations was taken with train the south track only; these 
observations were follows: 


Observation Head train point (west tower). 

Observation Head train point (east tower). 

The train was then allowed depart, and observations were taken 
with the bridge free from load. 

The results these observations are shown graphically Plates 
Nos. LXV and LXVI accompanying this report. 

These diagrams show slight changes different points, generally not 
exceeding inch; they are small amount and irregular character; 
they may represent the measure the inaccuracy the observations 
taken. 

Neglecting these small irregularities, the results the test may 
summarized follows 

The greatest observed the shore arms the cantilevers 
was the south truss, the east end, under the conditions observa- 
tion being inches, and the greatest observed elevation the same 
point, under the conditions observation being inches, showing 
total vertical motion this point inches. The greatest observed 
deflections points and being the river arms the cantilevers, oc- 
curred the north truss point (west end river arm 
cantilever), under the conditions observation being inches; 
the greatest elevation occurred under the conditions observation 
being inches, showing total vertical motion this point 
inches. The changes points and that is, the river ends the 
under conditions which followed each other 
rapidly that the change readily noticed careful observer these 
changes, however, are strictly accordance with the laws the structure, 
and they be. 

The observations with load one track only were made for the 
purpose determining how far the weight single track carried 
the two trusses. distance between the centers the trusses 
feet the distance between centers tracks feet, that 
weight were transferred the vibration rods and floor connections, 


— 
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per cent. the load one track would carried the adjoining 
truss, and per cent. the opposite truss. Under the conditions 
observation the the south truss was inches and that 
the north truss inches, showing that per cent. the load only 
was carried the adjoining truss. Under the conditions observation 
the point was inches the south truss, and 
inches the north truss, which indicates that just per cent. the 
total load was carried the north truss and per cent. the south 
truss. This indicates that one-eighth the total load (73 
transferred the diagonals and floor connections, and taking the 
maximum load half the weight locomotive, 000 pounds, the 
amount the weight which one set diagonals may called trans- 
fer 10000 pounds, which may produce strain the vibration rods the 
central span 400 pounds, which equivalent 200 pounds per 
square inch this strain within the limits good practice. Rough 
observations showed that this transfer weight from one truss an- 
other was accompanied corresponding side movement the 
trusses, and slackening one the diagonals; this 
should be. 

Observations taken the first panel point from the west anchorage, 
the connection between the inclined end-post and the bottom 
showed maximum depression inches under the conditions ob- 
servation and maximum elevation inches under special condi- 
tion when the train covered the entire bridge east the western tower, 
this observation being taken between observations and thus 
showing total vertical motion inches this the results 
the observations these points are given detail sheet marked 
Appendix 

During observations examination was made Mr. Arthur 
Abbott the elongations under strain the two diagonals which 
unite single connection the shore arm the eastern cantilever 
the result these observations and the equivalent strains assumed 
modulus elasticity 000 000 are given Appendix will 
observed that under those conditions which the strains were 
where approaching maximum the two bars worked very closely 
together, the differences not exceeding those noted the gauges before 
observation which was the first condition under which any strain 
expected from weight moving load. 

far could ascertained, the bridge returned precisely its. 
original position when the loads were removed. 

There are one two matters which think your attention should 
called. 

The first the condition the anchorages. The anchor bolts 
the south end the eastern anchorage are little slack, allowing ver- 
tical motion inch the pin the head the anchorage. The wall- 
plate castings the west anchorage have never been properly packed, 
but are set small shim plates, ‘ht disturbance 
which would leave play the anchor rods. The unchor rods all 
the anchorages should carefully adjusted make sure that they 
are all uniformly tight and there motion the anchor pins. The 
bearings the castings the west end ought thoroughly packed 
prevent any future disturbance before this done, obser- 
vation ought made the play the pins the west anchorage, 
which could easily done removing the nuts from the pins and 
watching them when any ordinary train crosses. 
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Second.—The bridge has been standing long enough make im- 
portant that competent man should examine the condition all the 
adjustable parts detail, and, they are out adjustment, correct 
them; better that this should not done all than that should 
done any one not familiar with this class work. 

Third.—The condition the slopes the chasm under the shore 
arms the cantilevers such that more less small stones roll down 
from time time, some which have struck against the iron-work; 
they have done harm, but heavy stones might serious injury, and 
would expedient clean the slopes and even them off good 
shape around the masonry. 

conclusion, wish say that the behavior the bridge under 
the test made June 9th (and also under the test December 20th, 
far the latter could observed) was satisfactory one, and 
consider the Niagara Cantilever successful example what may 
termed novel system construction. While recognizing the fact 
that cantilever bridges have been built before, and have been advocated 
able engineers for many years, think fair say that know 
other structure which the distinguishing features the canti- 
lever have been fully carried out the details which exemplify 
American principles construction. congratulate you upon the 
successful completion the structure. 

Respectfully yours, 


THEODORE 


. 
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APPENDIX 


Observations west end Cantilever Bridge taken bottom 


Loap 
South Side. 


ation A.—Bridge unloaded. 
—Depression, below unloaded bridge. 
oe ‘ 


= 

“ fy “cc “ec “ 
“ec Special— 3 oe “ec 


North Side. 


Observation B.—Depression, below unloaded bridge. 


Loap TRAOK. 


South Side. 
Observation A.—Bridge unloaded. 
North Side. 
Observation below unloaded bridge. 
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APPENDIX 


Results observations the tension members the Niagara 
Cantilever Bridge, made the test June 9th, 1884. 

Two verniers were used, each extending over feet the bar under 
examination, and reading .00001 foot. The following readings are 
reduced millionths foot for foot bar, the observations being 
lettered correspond with those Diagram No. 


Vernier Strain. Vernier Strain. 
(On Pounds (On Short Pounds per 
Bar.) Square Inch. Bar.) Inch. 
Observation B......... 312 156 
112 2912 130 380 
—40 040 —160 160 


The modulus elasticity taken 000 600. 


APPENDIX 


Results observations movements the anchorage connecting 


the south side the American anchorage. Length links 
inches. 


Horizontal Movement 
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American Side 


Canada Side 
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DISCUSSION 


THE CANTILEVER BRIDGE NIAGARA FALLS. 


Discussions PRESENTED May 1885. 


James Am. Soc. E.—The propriety using such 
hard steel (.34 .42 carbon) bridge members least questionable, 
and recent experience with this metal does not dispel the doubt. There 
always probability portions the steel becoming partially tem- 
pered unequally annealed, and thus, the mass, possessing very 
different physical properties from that exhibited small specimens. 

The tensile tests, recorded Mr. Schneider, show strength the 
elastic limit varying from 000 000 pounds per square inch, 
elevation nearly per cent. the strongest over the weakest 
specimens, and this steel carefully selected that nearly per cent. 
the heats were rejected. steel known equally variable 
compressive elasticity, cannot expect harmonious resistance from 
single member, possibly composed number such unequal parts, 
even the material capable surviving manipulation the work- 
shop without deterioration. the case the Glasgow Bridge steel 
column, tested Watertown, the member failed under pressure one- 
third less amount than would expected, judging tests its con- 
stituent parts, and per cent. less than the compressive resistance 
columns made iron having thesame proportion length 
section. 

The soft steels seem more uniform tenacity than the hard 
steels; the records number tests .10 .12 carbon steel 
show tensile resistance the elastic limit varying from 000 000 


pounds per square inch, only per cent. increase the highest over 


the lowest. 
The soft steel bears manipulation the workshop with less proba- 
bility injury than hard steel, and know evidence that has 
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exhibited inferior resistance built-up sections, compared with the 
individual parts. 

The specifications allow increase load per cent. for steel 
over iron compression members, which wrong principle, the 
ratio section length must considered; and short steel columns 
should proved trustworthy under greater loads than similar members 
iron, then, applying Gordon’s formula steel, all the numerical 
used for iron must changed, just they have 
changed when substituting wrought for cast-iron. 

Mr. Schneider commended for the pains has taken pre- 
sent the Society such clear and abundant detail all the facts con- 
nected with this bridge, which will stand record the pioneer its 
class. 

appears that the omission diagonals the tower panel, 
while fixing definitely the reactions the tower, might yet open 
objection under certain circumstances. If, for example, heavy train 
should suddenly stopped mid-structure the brakes, the resulting 
strain would transferred irregular way the anchorages the 
cantilevers, already under strain from direct action the load. 


Society hear how the problem bridging the Niagara River was 
treated some ten years since. 

the winter 1874-75, was requested the Manager the Great 
Western Railway Canada report upon the best mode construc- 
tion, necessary time required, and cost double-track iron bridge 
across the Niagara River, near the present suspension bridge. The 
site had been selected John Kennedy, Am. Soc. E., Chief 
Engineer the Great Western Railway, and was furnished him 
with plan and section the Niagara River. The site selected was 300 
feet below the present suspension bridge, instead above, the present 
cantilever built. The distances across the water and the top the 
cliffs were such that was deemed prudent locate the masonry piers 
below 430 feet apart, and the total length the bridge was 825 feet, 
and the height above water 235 feet. Borings the Canada side showed 
rock depth feet under the proposed dwarf piers the water 
edge. 

reported May, 1875, that had investigated four different plans 
construction, and advised the adoption No. 


\ 
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The first plan discussed was continuous girder, built 
corbelling out from each end, until the parts met the center, with 
rollers each pier. The estimated weight this was 200 tons. 


The second plan was three discontinuous girders. The loose cen- 
tral span was have been erected temporary Reducing the 
weight these cables their equivalent value tons—the weight 
this design was 840 tons. 


The third design was similar No. except that the length the 
central span was reduced from 430 feet 300 feet leaning towers, 
somewhat like the false works the Attock Bridge, India, lately 
illustrated London Engineering. The estimated weight this design 
was This design only eclipsed ugliness Max 
Endes’ bridge South Africa. 


The recommended design was braced arch, hinged the center 
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and the springing. The clear span was 430 feet, and the height 
versed sine 175 feet. The arches were have been erected corbel- 
ling out was done St. Louis. The whole design was very similar 
that since erected over the Tagus, Portugal. The estimated weight 
this design was 320 tons, and the time required fifteen months. All 
these designs were intended carry two trains coal cars, headed 
one locomotive the heaviest type. 


comparing this design with the bridge actually built, will 
seen that the latter simpler general design and its details; that 
this allowed its being constructed and erected half the time es- 
timated for the arch; and that the changes lengths parts due 
changes temperature are better provided for. The weights mate- 
rial about the same, but the arch piers are 430 feet apart, while 
those the cantilever are 480 feet apart. short, the cantilever de- 
sign better every respect than the arch designed me. 

Without entering into the delicate question priority design, 

say that the first bridge involving the cantilever principle (in its 
erection, certainly) was built Shaler Smith, Am. Soc. E., 
over the Kentucky River 1876-77, and that its successful erection 
without scaffolding solved all the difficulties which were subsequently 
met and overcome the Niagara River. 

The Niagara River Bridge better design than that the Ken- 
tucky River, inasmuch makes its piers fixed points, and allows its 
trusses expand and contract each direction from them centers, 
while the Kentucky River Bridge requires movement its piers, and 
the necessity rollers under them, provide for the differences 
lengths due changes temperature its central span. 


Niagara Cantilever Bridge, observed June 9th, 1884, and published 
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appendix Mr. paper, read March 4th, 1885, present some 
interesting features. 

The full load both tracks the middle span 470 feet length 
(see Plate LXV) bends the ends the river arms the cantilevers 
down about seven inches and full load the shore spans alone 
raises the same ends average one inch and half and G)—a 
total vertical movement these points eight and one-half inches thus 
being produced. 

The side spans 195 feet length deflect under their load over one 
inch and and are bent upward, the middle span loaded, 
about three-quarters inch. 

the test loads have not been heavier than those generally applied 
important railroad bridges and viaducts after their completion, 
inquiry into the causes these great deflections appears natural. 

has been known that the cantilever bridges built the system 
called from their inventor Cantilever Bridges,” have shown 
considerable deflections. For instance, roadway bridge built 
Ordish Prague, across the Moldau, with center span 400 feet 
length, deflected seven inches under test load about forty pounds 
per square foot roadway, and the explanation has generally been that 
this due the extension the exceedingly long tensile members 
under strain, together with the circumstance that account the 
effects temperature the same cannot made continuous. But this 
explanation does not apply the new system cantilever bridges in- 
troduced Mr. Schneider, first his bridge over the Fraser River 
Canada, and then the Niagara Bridge. The new system has the ad- 
vantage over the Ordish system that, instead long cables over 
high tower, straight truss introduced, thus reducing the length 
the tensile members toa minimum. But whatever gained this 
manner lost again the fact that the deflection the center span 
depends the stiffness the side spans, whilst Ordish transfers the 
strains directly the anchorage. 

illustration the effect produced supporting truss such 
that its weight and its loads are transferred and resisted 
the strength the truss the adjoining span, presented the 
tests the Kentucky River Bridge. 

The trusses the middle span the Kentucky River Bridge (as 
will hardly necessary explain) extend beyond each pier, thus 
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forming cantilevers. ‘The trusses the side spans rest with one end 
the abutments, their other end being supported the projecting ends 
the trusses the middle span. would naturally supposed that 
full load the side spans would show the greatest deflection near the 
middle their length, the length the projecting arms the 
middle trusses only feet, and the length the side trusses 300 feet, 
yet the tests show the maximum deflection the ends the cantilevers, 
this being caused bending upward the trusses the middle 
span. 

The test loads the Niagara Bridge, graphically represented 
Plate LXV, though not heavier than test loads generally are, are 
certainly far excess the ordinary duty the bridge, but has 
borne mind that the diagram gives the for the different 
positions the trains whilst the latter stand still; they not represent 
the vibrations and sudden changes which take place under moving 
train. 

train passing over the bridge, even moderate speed, has less 
than one minute bent each the cantilever arms downward and up- 
ward; has strained and released again each set anchor bolts sepa- 
rately; has thrown the intermediate span only 120 feet length out 
its horizontal position, first raising its nearest end one inch (H, 
Plate LXVI), then pressing the same end down three four inches 
(J, Plate LXVI), and repeating the same motions the other end. 
That the time which the strains change and are partly being reversed, 
and the rapidity with which the movements the different members 
take place, are important factors the consideration the effects the 
loads, cannot doubted. 

have looked over these tests with the greatest interest, similar 
effects moving loads have come under daily observation via- 
duct which was completed last fall St. Louis, and for which had 
designed the main spans cantilever trusses. 

There one point for which could find explanation the test 

The cantilevers have full play expand and contract under changing 
temperatures from each pier towards the river and towards the abut- 
ments, but there diagonal bracing between the posts above the 
piers, loss see what should prevent horizontal movement 
the superstructure. The tests (see Appendix show that mere load- 
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ing the bridge causes horizontal movements the shore anchorage 
links. What would have been the effect such test the one applied 
the Kentucky River Bridge, train entering the bridge full 
speed, and suddenly brought halt means the brakes? 

The Niagara Bridge undoubtedly the boldest and best cantilever 
bridge existence, both design and execution, and has, this re- 
spect, well deserved the world-wide reputation which has gained. Its 
shortcomings are simply those the system. 

true that this system has made the erection possible without the 
use any additional supports for the middle span whatever, but the 
success the erection the St. Louis Bridge, and particularly the com- 
pletion the Kentucky River and Minnehaha Bridges Shaler 
Smith, Am. E., under analogous circumstances, prove that ob- 
stacles great those encountered crossing the Niagara River 
near the Falls can overcome without resorting system which, 
even under the hand the most skillful engineer, not perfect. 


Am. Soc. E.—I not care now discuss this 
subject detail. send, however, copy report made 
last winter the builders the bridge, showing its condition that 
time. having plank walk laid each lower chord facilitate 
examination the propose have daily inspection 
made one the gatemen who worked the bridge during con- 
struction. Our bridge engineer, Mr. Benjamin Douglas, spends one 
day each two weeks the bridge. addition this, propose ask 
some prominent bridge company make examination, say every six 
months. should pleased furnish any Member the Society 
facilities for looking over the bridge any time application. 


Y., January 2d, 1885. 
Esq., 


Chief Engineer Michigan Central Railroad, 
Detroit, Mich. 


have just finished very careful inspection the Cantilever 


Bridge. Inclosed please find report made our Superintendent 
Erection. 


Very truly yours, 
Union Company, 
Geo. 


have spent five days with one bridge man inspecting 
the Cantilever Bridge over the Niagara River. 
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examined every rod, section, joint, anchorage and expansion 
point, and found nothing that needed adjustment repairs. tried 
the line over the top, using the old original center tacks and found the 
line perfect, showing that foundations and piers are when first fin- 
ished, and the lateral adjustment has not changed. When the length 
was taken for the center span the thermometer stood degrees; 
when (one year later) took the measurement, stood zero. 

find the suspension pins one inch from center expansion slots, 
showing there has not been the slightest movement any part the 
structure except that due change temperature. 


made the paper reaming otherwise removing the injury done 
steel punching. The specifications simply say the holes shall not 
punched more than inch larger than diameter rivet used, 
and presumably more reaming was done than was necessary pass 
the rivet through where the punched holes did not fit. figure that the 
unit stresses used enter the column formula vary from about 000 
14700 pounds per square inch, that apparently reduction the 
usual allowed stresses has been made account this departure from 
the prevailing treatment steel for this kind work and grade 
steel. 

Now not wish understood saying that this constitutes 
error judgment proportioning the structure, but work 
this magnitude much regretted that such deviation from 
common practice point often insisted upon important, should 
made without tests substantiate the correctness the position 
assumed. The writer would inclined believe that the matter 
reaming has little influence the strength heavy struts such 
here used, yet such struts usually fail buckling somewhere. The 
stress determining failure partially bending, whether local general, 
and there certainly room for doubt the question whether the 

value the material can developed without the reaming. few hun- 
dred dollars spent testing sample columns the same material (like 
that used the bridge) differing only having holes punched full size 
one set and punched and reamed would certainly have 
thrown much light the subject, and have largely enhanced the worth 
this bridge considered engineering achievement example en- 
lightened construction. can get full value out steel 80000 
pounds tensile strength without reaming, then, matter economy, 
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let save the reaming. safe say, from published tests, that the 
net tensile value steel the mildest description may developed 
riveted joint equal that plain specimen, whether the holes 
punched drilled. Hence, almost certainly, reckoning for com- 
pression, the difference between reaming and not reaming need not 
taken into account for that kind steel. Can Mr. Schneider assure 
that the same holds true for the steel used 

Jos. Am. Soc. E.—Mr. paper exceed- 
ingly interesting, and would well just such papers all the 
important works our country could presented the Society 
complete The matter foundations seems have been 
unique its way, and great credit due for the admirable disposition 
the peculiar conditions the case. suggestion might made 
whether would not well remove some the stone now 
the slope above and behind the pier foundations avoid any 
possible risk, even the far future, shoving pushing forward 
the whole mass glacier-like action, and thereby disturbance 
these foundations masse. 

own practice using considerably heavier loading than 
has been taken this case, taking typical consolidation engine with 
12000 pounds the front pair wheels and 24000 pounds each 
four pairs drivers passenger engine with 16000 
pounds each the two front pairs wheels and 40000 pounds 
each two pairs drivers, the tender having tons four pairs 
wheels either case, arid the train load 3000 pounds per foot lineal 
track. think experience justifies such loading. The tendency 
towards still heavier the future, and there has never yet been 
standard established that has not been exceeded. There are now cars 
use the Pennsylvania Railroad that give weight 3000 pounds 
per lineal foot track with standard loading, and they are often over- 
loaded considerably excess this. The for limiting max- 
imum strains deduced from Weyrauch, are somewhat different from 
own practice and give somewhat higher results. able 
explain myself further this connection future time. 


preference would have been for wrought-iron shoes under the 
tower posts. experience with castings such locations unfortu- 
nate, although structure size like the present, the effects im- 
pact are not nearly great smaller bridges. 
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The requirements the specifications for steel seem rather high, 
and preference would have been for little lower quality anda 
lower limiting resistance. not pretend have very much expe- 
rience this direction, and what have had has not been very favor- 
able, but acknowledge the great value steel long-span structures 
when its quality can depended upon. 


Report, appended Mr. Schneider’s valuable paper, the observations 
made with single-track loading show different the four 
corners the intermediate span, and the train advances these 
deflection differences vary among themselves, and thereby impose 
twisting moment upon that span. 

The same report notes side movement the trusses, accompanied 
the slackening one the diagonals. This side movement must 


develop opposite directions the two ends the intermediate span 


when trains are entering that span diagonally opposite corners. 

The twisting moment imparted this span one both these 
movements may may not serious, and Mr. Schneider has given 
the first double-track cantilever bridge, should like ask him 
whether this twisting action has been made subject expert observa- 
tion, and so, with what result. 


think the author did not bring out his paper distinctly might 
have done, and that point relates the foundations. The method 
the foundations was somewhat criticised while the work was progress. 
What wish bring out especially, that these foundations are built 
masses very large rocks which have fallen from the strata above, 
and which owe their stability entirely gravity. These large rocks 
have been termed boulders, which unfortunate word, and does not 
indicate the real character the rocks. They are very large, some 
them largeasacar they have not been moved, but have simply fallen 
from the higher strata rock above, when the softer strata below were 
undermined. general opinion those who examined these founda- 
tions was that these large stones, whose position was perfectly stable— 
that stability being due gravity alone, with aid from the cohesion 
which stiffens material position—were much safer for the founda- 
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tions the bridge than stratified rock would have been, unless that 
stratified rock extended continuously across the river. Their stability 
was well established, and new disturbing element would change the 
conditions. the other hand, stratified rock which did not extend 
continuously across the river might become unsafe the washing out 
softer strata below it, and the rock might continue support the 
weight bridge until the undermining had progressed such 
extent that the breaking the rock brought about sudden catastrophe. 
continuous layer hard rock, extending its natural position across 
the river, would preferable the foundations which were found, but 
next it, this loose mass enormous stones the best thing that 
could had. 


Henry Am. Soc. E.—The situation Niagara 
which was selected for the new railroad bridge appears peculiarly 
adapted cantilever design, and Mr. Schneider seems have worked 
out his problem with great ability. have been considerably interested 
this type structure lately, and have looked over the present paper 
with great interest. have taken the opportunity examining pretty 
into the details the design, far the small scale drawings 
submitted will allow, and they appear have been worked very 
thoroughly, and with full consideration the latest recognized theory 
the action forces, and the adaptation details resist them. 
Such matters the question pin moments, appear have 
been all well considered. While the assumed loading not heavy 
been adopting, yet this question which was regulated the 
specification, and, course, the work has been carried out accord- 
ance therewith. 

the designing the floor system should have preferred having 
the longitudinal track girders, designated stringers the paper, directly 
under the rails, and the cross girders floor beams would rather 
have had the vertical stiffeners closer together. aware the wide 
difference opinion among engineers concerning the precise duty which 


these stiffeners exercise plate-girder, and merely give this, there- 
fore, opinion. 


Am. Soc. E.—The pioneer cantilever 
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bridge large dimensions was the Kentucky River Bridge, designed 

While less bold conception and untried principles than the 
above, the Niagara Cantilever Bridge has excited far greater public 
interest, from its location over the world-renowned chasm Niagara 
River and center public travel. 

For engineers, however, the interest any new structure centers 
upon the adaptation the design the purpose and location, and 
upon the details its execution and final operation. matter 
congratulation for the Society that Mr. Schneider has fully and 
clearly given account his design and its execution. 

has clearly stated the principles governing him the selection 
this kind and form bridge; facility erection, and positive 
determination the strains developed each member. The avoid- 
ance ambiguous strains the trusses, omitting the diagonal 
members the panel over the towers, worthy approval. The 
concentrating the two systems diagonals into single link the 
ends the same direction positiveness strains. not 
approve double intersection trusses where possible avoid 
them. very doubtful mind the strains the usual 
double intersection truss can determined within per cent. Mr. 
Schneider, the use the coupling link, has reduced the doubt toa 
minimum. connecting his floor beams rigidly the vertical posts, 
think has violated somewhat his desire for exactness strains. 
double-track bridge, with one track only loaded, the trusses will 
differently, producing rigidly attached floor beam indefi- 
nite and often excessive strains. This partly prevented this struc- 
ture the diagonal sway rods, which tend hold the trusses 
parallel. 

The the specifications, for which Mr. Schneider disclaims 
the responsibility, would more noticeable were not such 
frequent recurrence. 

Why Launhardt’s should used for steel members and not 
for iron, would appear more mysterious did not know, from every- 
day experience, that the average specification compilation, non- 
experts, glittering generalities picked here and there without any 
intelligent conception their intent frequently contra- 
dictory, and always subject various interpretations. 
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The rolling load consists two Mogul engines (called consolidation 
specifications) with train one ton per lineal foot. 

This far less than adopted the roads that have profited 
past experience, and are looking ahead increased locomotives and 
rolling stock. 

Mr. Schneider has not, however, been confined these specifica- 
tions, for has designed his floor system, the most important part, for 
heavier rolling load; and has made variations other parts the 
specification. 

The Central Bridge Company deserve credit for their part this 
work—the execution the contract, and for giving even better struc- 
ture than might have been made under the specifications. 

The modern development the cantilever, opinion, takes its 
departure from the completion the St. Louis Bridge. 

The necessities erection the site this bridge over the Missis- 
sippi River St. Louis, required the work supported from above 
the use suspension cables formed ordinary bridge links. 
the work neared completion, each river pier supported two enormous 
cantilevers 245 and 254 feet long; which, with the thickness the 
piers, made total length from end end 533 feet. 

The success this method erection, building out from each 
support self-sustaining structure, established the security and facility 
thus erecting large spans over chasms and rivers, where false works 
below were impossible. 

The next step was make the bridge self-supporting without the use 
cables. 

Mr. Shaler Smith, Am. Soc. E., soon thereafter accepted 
the results this lesson, and constructed his Kentucky River Bridge 
making upon the cantilever principle, self-sustaining beyond the 
shore arms. For boldness design and execution, will always stand 
unequaled. Later structures have this additional experience aid 
their development. 

Cantilever bridges moderate spans, about 500 600 feet, have 
special merit aside from the facility erection certain localities. 
The same spans can built separate structures with the same less 
material. The absolute necessity erecting them, here Ni- 
agara, without false-works, save the expense the false-works 
deep gorges over deep rivers, makes their use justifiable such 
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points. John Goodridge, Jr., measuring the current 
velocity the Niagara River the site this bridge. taffrail log 
which had been tested over standard course one nautical mile 
was used. obtained the following readings for the central surface 

First mile run out minutes seconds, 

which reduced statute miles, gives velocity 16.3 miles per hour. 

endeavoring take the velocity other points across the river, 

the log vane was cut off and lost, thus discontinuing the tests. 


Am. Soc. E.—It is, perhaps, little un- 
fortunate that the word boulder has been used. There are really 
such things boulders the Cafion the Niagara. The masses 
rock which have been precipitated the bottom the gorge 
reason the undermining soft stratum, have not been moved since 
the original denudation, and the monolithic foundation which has 
been judiciously distributed over them, evidence engineering 
boldness and skill, equal, not superior the conception involved 
the novel and elegant superstructure itself. 

would not strange were there found some evidences 
detail. When remembered that the whole structure 
from foundation completing-rail was executed such extraordi- 
narily short time, the wonder that there remains little upon which 
adverse criticism can made. had been possible utilize steel 
greater extent, more compact arrangement might have been made 
the top chords over the piers, but the shortness the time which the 
work was required completed, doubtless prevented the manufacture 
steel eye-bars for that purpose. 

questionable whether would not have been better have in- 
creased the length suspended span from 120, say 140 160 feet, with 
view reduction the deflection under centralload. the Louis- 
ville and New Albany Bridge, now process construction, Mr. Hem- 
berle and myself have suggested 160 feet suspended spans clear open- 
ings 480 feet, but until this arrangement tested will best 
defer judgment. 


Am. Soc. E.—When the commission, 
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which was member, made examination these foundations, 
found but little knowledge the slope the river bed beyond 
short distance from the water’s edge. then suggested that, owing 
the swiftness and strength the current, approximate idea could 
had securing heavy boulder line ring bolt and then 
rolling into the stream. trying also using heavy sledge 
tied line, the conclusion was drawn that the slope was continuous 
for about feet beyond the water’s edge. about that point 
there appeared sudden drop there break the strata. 


Discussions PRESENTED THE ANNUAL CONVENTION, JUNE 1885. 


Am. Soc. E.—The general discussion upon 
Mr. Schneider’s paper the Cantilever Bridge Niagara has dwelt 
upon the points involved location, foundations, form, strains and 
general details, has been said about the specifications. 
these bring the subject the testing steel for structures, seems 
worth while see how they compare this with present English and 
European practice. Mr. Dorsey, papers published the Transac- 
tions for 1884, and May last, has given considerable informa- 

‘tion this direction, and entirely accord with the general state- 
ment that the use steel rapidly the increase for bridge work, 
and that many engineers now give the preference being more uni- 
form character and safer material than iron. They insist, however, 
arrive uniformity requirements, and reduce the testing the 
lowest amount consistent with securing soundness material. 

Mr. Schneider has specified maximum percentage carbon and 
phosphorus, which must not exceeded the steel furnished. 

Now questionable whether the state our knowledge respect- 
ing the behavior steel yet sufficiently exact warrant pre- 
scribing the steel-maker what shall contain. example this 
uncertainty would refer table tests given Mr. Salom 
paper read before the Society Mining Engineers. (See vol. XII, 661 
Proceedings.) restates the fact (previously known), that silicon 
prevents carbon from combining with the iron, and suggests that phos- 
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phorus acts the same manner. gives analysis sample 
steel containing 0.16 per cent. combined carbon, and 0.15 
graphitic carbon (or total 0.31 carbon), 0.32 manganese, 0.14 
silicon, and 0.065 phosphorus. The tensile strength was about 000 
pounds, with elongation 234 per cent. and reduction area 
per cent. Had all the carbon been the combined state, the strength 
should have been some 000 pounds; or, with the strength 
was, the elongation should have been about per cent. learn 
then that silicon also proscribed, are specify the chemi- 
constituents steel. Mr. Salom gives, the contrary, tests 
samples containing .075 per cent. phosphorus, which gave good results. 
paper the Clapp-Griffiths process Mr. Hunt, published 
Vol. XIII Transactions the American Institute Mining Engineers, 
gives tests steel very low silicon, but containing 0.11 per 
cent. carbon and 0.346 phosphorus (or over one-third per cent). The 
metal bent double cold, worked beautifully hot, was rolled into rail- 
plate and make good rails, had the valuable merit stiffness, welded 
readily, and made button-head bolts which bent double the thread. 
Samples from the screw-heads rolled into round bars gave, 
when tested, strength 000 81000 pounds per square inch, 
elastic limits 000 000 pounds, stretches per cent. 
inches, and reduction area per cent.* Mr. Salom 
says: would seem that phosphorus not the noir has been 
considered; has had bear the burden many sins wrongfully 
ascribed it.” 

view such facts these, evident that the safe course for 
the engineer pursue specify the physical characteristics 
the steel requires, and leave the method which they are reached 
the manufacturer. doing saves himself immense amount 
labor; widens greatly the sphere competition; and almost 
certain get his material lower rates. 

This seems the uniform practice English engineers. Mr. 
Parker, Chief Engineer Lloyds’ gave the following the full detail 
their method testing steel for ships. small ingot cast from 


later paper Mr. Hunt gives still further experiments, which all show that with low 
carbon, and silicon practically absent, phosphorus may run 0.85 and still furnish 
a steel with a stretch of 934 per cent., and a reduction of 91; per cent. in area. The tensile 
strength was 101 540 pounds, although test larger specimen gave less. The elastic limit 
of these high phosphorus steels seems to be about 75 per cent. of their ultimate strength. 
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each charge steel. This reduced size plate rod, 
which must have tensile strength not less than tons (60 480 
pounds) more than tons (69 440 pounds) per square inch, and give 
elongation least per cent. (not per cent., asin Mr. 
paper)* Quite recently the papers state that this has been 
changed and tons respectively. After heating cherry red, 
bending round the diameter which not more than three times 
per” test. For certain parts the ship’s framing strength tons 
(73 920 pounds) allowed, provided the material will bear the other 
tests, and can welded. 

The testing all done under the eye stationed the 
mill, who sees the plates, rolled, and shearing taken from each. 
Each piece and its shearing stamped with two numbers, for ex- 


ample, The lower number indicates the particular charge from 


which the plate, beam, rolled, and the upper number the spe- 
cific number the individual piece, which may iden- 
tified. temper test made from every plate, angle, beam, the 
inspector desires it. 

The specifications require that not less than one plate, fifty 
shall tested both tensile and temper tests, and should fail 
come the requirements after second test, the whole charge from 
which came would rejected. 

For boilers, the tensile strength must range between tons (58 240 
pounds) and tons (67 200 pounds), with per cent. stretch 
inches, and with the same bending test. 

Plates against which flames impinge directly the furnaces and com- 
bustion chambers, must every one tested the temper test. 

Mr. Parker says that punching affects only the under side the 
punched plate, and that the plate can safely bent without annealing 
the concave side the side that was down when punched. 
says, that leave the metal the best state after punching resist 
strain, the bolster should large can be, and still leavea 
smooth hole. This prevents the punched metal from flowing 


* Structural Steel. By Edward B. Dorsey, M. Am.Soc. C. E. No. 275, Vol. XIII, February, 
1884, p. 43. 
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mass surrounding the hole, and great measure the resulting state 
tension which such element weakness steel plates. 

also lays particular stress the necessity rolling steel, the 
use high-speed rolls, prevent cold rolling. When beginning 
roll, the first two three plates rolled are usually poor, conse- 
quence chilling, but they are perfectly restored annealing. 

does not allow annealing, however, most cases, but requires 
holes either drilled, or, punched, assembled afterward and 
reamed larger. 

Mr. Ewing Matheson, Inst. (of the firm Matheson 
Grant), showed specifications for bridge across the Hoogly the 
East Indian Railway. The strains prescribed for tensile test were for 
steel plates, either with across the grain, flat bars, 
not less than tons (60 480 pounds) nor more than tons (69 440 
pounds) per square inch, and reduce per cent. point 
with extension Lloyds’. Similar samples bear the temper test 
asin Lloyds’. Every steel plate tested for tensile strength, and 
guard against brittle dangerous material, end and side shearing, 
properly marked for identification, taken from each bar, 
angle bar and bar the manufacturer; also least one angle flat 
bar from every charge steel. The shearings are tested cold 
bending, the presence the engineer his deputy. The angle and 
flat bars reserved are tested what called the horn” 
test. This consists splitting them for some distance and bending the 
split portions back touch the main part the bar. 

The rivet steel tensile test tons (56 000 pounds) 
tons (62 720 pounds), and reduce per cent. point fracture. 
must bend double both hot and cold, and bear down from 
the head without cracking other defects. 

Straightening hammering not allowed for the angle and bars; 
and the edges all plates and the ends all bars must, where practi- 
cable, planed, otherwise dressed with chisel and file. 

This firm gives the preference steel over iron for bridges, and does 
not hesitate its use everywhere. 

Mr. Matheson paper, Vol. LXIX, Minutes Proceedings the 
Institution Civil Engineers, among other things states follows: 


plates and bars (among which includes deep beams, 
channels, bulb beams, etc.), the various forms required for structures, 


> 
7 
a 


DISCUSSION NIAGARA CANTILEVER BRIDGE. 561 


can manufactured steel with much certainty regard quality 
iron the first class. 

can manipulated the factory—bent, straightened, cut, 
planed, drilled the same tools and processes are 
used for iron, and, for the most part, without extra force. 

employment steel may encouraged and extended 
fuller knowledge among users its qualities; facilities for verifying 
those qualities; exercising wider choice the kind steel suited 
the purpose view; and such liberal alteration the present 
official rules will allow fuller advantage taken steel than 


The Board Trade rules allow but tons (14 560 pounds) working 
strain steel; and the author urged 35-ton steel and 8-ton (17 920 
pounds) strain might used many cases. the discussion the 
paper, Prof. Kennedy stated that mild steel could now obtained 
much greater uniformity than wrought-iron; that was not more 
affected scratches corrosion; and was altogether more reliable 
material. Dr. Siemens and others claimed that steel tons 
(78 400 600) and per cent., could produced sufficient uni- 
formity warrant its use. (The average strength steel the super- 
structure the East River Bridge was 000 pounds, with per cent. 
stretch and per cent. reduction area point rupture. Mr. 
Schneider’s requirements are less stretch.) Mr. White said the steel 
makers stated that they could produce bar sections, deep angle bulbs 
heavy bulbs more readily than iron makers could. 

show the wide divergence the views held different engineers 
the matter testing, will not amiss, passing, refer the 
specifications framed the United States Naval Advisory Board for the 
steel the new United States cruisers. These not allow the edges 
sheared specimens planed, but only rounded off with smooth 
file; while, according Mr. Baker, Inst. (in discussion 
mentioned further on), the results from specimens prepared this way 
cannot relied upon; and his specifications for the Forth Bridge 
provided that test pieces shall planed out. 

The further anomaly pointed out Mr. Salom, that cast 
steel—perfectly uniform quality and giving the full stretch required, 
but falling 100 pounds short the strength required the 
cations—was rejected; while another cast—of which one plate tested 
pounds short, and another 000 pounds over the requirements— 
was accepted, and rightly according the letter the specifications, 
other words, the preference seems given the steel which 
lacked most uniformity. 
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this connection desirable refer recent paper Mr. 
Hackney, Assoc. Inst. E., Vol. Minutes Proceed- 
ings, Forms Test Pieces. calls attention the fact that, 
obtain uniformity results, necessary have constant ratio 
length diameter test piece, and that not sufficient specify 
length only. Variations per cent. percentage stretch the 
same material can obtained quadrupling the diameter and keep- 
ing constant length. 

For test pieces constant length, from plates the same thick- 
ness, increasing the width doubling, trebling, etc., six 
times, the stretch was increased per cent. particular case. 

the discussion this paper, Mr. Baker, Inst. E., says 
that actual work the bending test the one most used, and the 
obtained. crop end from every beam was tested bending under 
hammer, but had previous heating, the object being test the state 
which the metal was left after rolling.) mentions test made 
this way specimen, the edges which had been filed 
radius, which broke under the first tap the hammer. companion 
piece, however, with inch planed off each edge, bore succession 
four five light taps, followed heavy one, for hour, and was 
then bent round through angle 120 degrees radius 
inches without breaking. 

had made all the tests 38-ton steel, heating red 
and plunging cold water, and bending radius inch; also the 
full stretch tension, etc., required the Admiralty, and considered 
admirable material for engineering works. 

its form tested direct tension. was much easier bend 
narrow piece metal sharp radius than wide the reason 
given being that the narrow piece gives greater freedom for the flow 
the metal, consequently the resulting strains tension and compression 
are less. 


Mr. Sandberg, Assoc. Inst. E., laid great stress upon 
the drop test being more practical use 
tensile test, and should given the preference wherever possible.” 

Dr. Wedding gave the standard form for test pieces adopted the 
Prussian Experimental Institute given below, and said the pieces 
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broke outside the 8-inch points the test was rejected. considered 
important have the straight portion the specimen continue 
beyond the limits taken for test, shown. 


; > 


example recent French practice the use steel was 
furnished Mr. Lavoinne, engineer the Ponts Chaussées (since 
deceased), specification for the new arch bridge Rouen. Bars 
inches long and inches wide, cut from any part whatever piece 
steel, whether before after work any kind—of shearing, forging, 
drilling riveting—must stand bending cold the middle, that the 
two ends touch, and that the longest distance between the two 
exterior faces shall reduced four times the thickness, without de- 
veloping trace cracks. Tests made the mill are: 

First.—They must able resist strain 000 pounds 
per square inch within the limit elasticity. 

Second.—To stand breaking strain of.71 000 pounds the same 
section. 

Third.—At the moment rupture, the stretch the specimen 
shall per cent. its length, and the stretch must progress uni- 
formly with thé load, without sudden jumps.” 

The French Admiralty require for steel plates thickness 
minimum average tensile strength pounds, and mean 
and upward, 000 pounds and per cent.; and between these thick- 
nesses intermediate values. 

The initial load testing must the breaking men- 
tioned, and must applied for minutes. Then successive additions 
700 pounds per square inch are made about every half 
minute, and the stretch for each noted. plate with less less than 
the mean final stretch allowed rejected. least tests (from 
one more plates) with and across the plate made from plates 
each delivery, and the means each set taken. That mean which 
the least must equal the minimum average allowed. 

temper test made similar the English, the inner radius 
curve after bending equal the thickness plate. 
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forging test follows: From plate there struck hemis- 
pherical cup, whose inner diameter must equal times the thickness 
plate, and whose border must times the thickness width, and join 
the sphere exteriorly curve radius equal the thickness. 

For angles, and bulb bars, etc., one taken from each delivery. 
Samples cut from the webs angles and T’s must show tensile 
strength 000 pounds, with stretches per cent., and 
and bulb beams 500 pounds, and per cent., with the same 
rules time, etc. 

the temper test the radius the times the 
thickness. 

The forging test for angles consists bending one web (while the 
other remains flat its own plane) the form cylinder having 
interior diameter equal times the width the flat web. close the 
two webs another piece until they are close contact. expand 
the webs third piece until the inner faces lie the same plane. 

bars have piece forged that the shall the form 
semi-cylinder, with interior radius times the height, while the web 
remains the same plane. split the web another piece the 
middle for length times the height the bar, drill hole keep 
from splitting farther, and then bend the detached part sharp bend 
its own plane angle degrees with the other branch. 

and bulb beams shall have similar tests. One flange the 
beam the bulb the bulb beam being bent one several heats 
with sharp bend angle degrees with the other flange, the 
web being 

Referring the Appendix Mr. Schneider’s paper, interesting 
note, the tests full-sized bars, that 000 pounds beyond 
the limit elasticity, the stretch, measured two-thirds the 
body the bar, almost exactly one-half that between the centers 
the the greater proportional amount the other third being 
due the flexure and compression 

One other point these specifications which may criticised, 
the direction each course masonry. Nothing better 
established than that grouting exceedingly uncertain method 
filling masonry joints. Good mortar can worked swords” 
bars until positively certain that the joint full. 
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Jr., Am. Soc. E.—In examining the tables 
tests steel Appendix No. Mr. Schneider’s paper, the first 
impression obtained that although steel have homogeneous 
material, yet far from uniform one, matter how carefully may 
watch the chemical composition and make rejections for variations 
but .01 per cent. carbon. have rearranged the tables and 
grouped all tests showing same carbon together, and obtained the 
average results for each set grouped. Considering first the table 
accepted tests, have the lowest carbon .30, and the highest .41; the 
greatest number tests however contain .35 per cent. carbon, and are 
From this group take for example: 


Test 0.35 0.510 64100 89920 18.25 
0.35 0.510 0.082 19.37 


difference per cent. the ultimate, and per cent. the 
elastic limit. Again; 
Test 0.35 0.550 600 130 18.25 
0.555 600 780 18.12 


difference nearly per cent. elastic limit, while, other 
respects, both physically and chemically, the two pieces were prac- 
tically the same. 

Compare the stretch and reduction area and find uniformity, 
for example: 
Test 450 430 19.37 
400 880 17.25 30.50 


difference per cent. reduction area, and other respects 
nearly identical. This matter non-uniformity not confined 
few isolated cases which would lead look for errors testing 
machines recorded results, but are scattered thronghout the entire 
tables, the only uniform point the whole matter being its want uni- 
formity. 

Leaving the tables accepted tests, take that rejected speci- 
mens. this carbon ranges from .25 per cent. .53 per cent. 
other element given analysis. 

Take, for instance, tests 62, 89, 106, and many others. Carbon 
find within specified limits. Physical tests meet requirements. They 
are probably rejected for phosphorus, that poor little suffering element 
important the engineering brain, and yet trampled basely 


x 


566 DISCUSSION NIAGARA CANTILEVER BRIDGE, 


the above rejections. But need not consume any further time 
analyzing these tables, the points have made are plain 
the most casual observer. The question wish raise, view 
the above-mentioned points, the advisability justice the fol- 
lowing clause taken from Mr. specification. All steel 
shall manufactured the open-hearth process. Bessemer steel will 
not accepted.” reason being given for the decision, presume 
right considering that such clause was inserted with belief 
that open-hearth steel more uniform than Bessemer, statement which, 
think, rests more upon fancy than fact. Equally good steel can 
made either process, handled properly, and equally good materials 
used. working very heavy masses the open hearth has, think, the 
preference, admits slower working than the pneumatic, but for 
all weights ingots covering requirements for structural work, can see 
reason for barring out the Bessemer converter. Our prejudice has, 
think, been strengthened, also, the fact that has been the plant 
employed the rail-makers. consider more fitted for 
structural purposes than rail-iron compared with structural iron. 
Their organizations have been planned and arranged entirely for this 
single line manufacture, and turn aside for short time upon 
another class products has produced uncertainty results 
nowise due the process, but the handling the same. 
feel confident Bessemer plant, organized with view the making 
special steel, will produce results which, practice, cannot distin- 
guished from those the open hearth, and think matter in- 
justice exclude important method manufacture without more 
accurate proofs than have. engineer’s province should 
make rigid inspection and tests chooses, but leave the 
method working the manufacturer. support what have 
said above, the following table gives tests Bessemer steel: 


Tests were made conform United States Govern- 
ment Specification. 
Tests 207 were made conform Lloyds’ Ship Specifi- 
cation. 
They were, you may see, upon greatly varying sections, whereas 
the cantilever tests were all upon test specimens same area, with same 
reduction rolling, and should this account have been much more 


uniform than had they varied these respects. 
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BESSEMER STEEL. 


| Per SquaRE INCH. | 


| 
So. Original | Area in \Stretch, 
Limit. Strain. 
1 
63 “eh as -4137 | 35 400 53400 | 30.4 |Open Hearth, Otis. 
| 


36000 | 63390 21.8 


The method now vogue testing steel from sample billets rolled 
into rounds, think open criticism. tells about much con- 
cerning our steel, used the shops, chemical analysis the 
ingot would do. Test pieces should all means taken from the fin- 
ished sections, for what guard have against bad workmanship the 
rolling mill unless The heating furnace, which many failures 
iron can traced, plays even more important part the manipu- 
lation steel. there would about much wisdom mak- 
ing all our tests wrought-iron upon rounds, and theiron mills would 
never know what condemnation was. said answer this that 
the manufacturer steel would put too great loss condemna- 
tions were made upon finished material. confess his position not 
pleasant one, as, the present case, per cent. all steel made was 
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rejected. But feel confident that the test now made should not 
final. Another point which sufficient attention has not been given, 
the very great injury done steel the operation straightening. 
The gag press unknown the steel-mill. number ex- 
periments have made Pencoyd, fully confirm strong language 
this matter. 

claimed that testing, now done, gives uniform grade 
material. Take, for instance, built-up section component parts 
differing considerably sectional area, but all this uniform grade 
metal. Owing difference reduction area from bloom rolling, 
these will all give different physical results. Would not better 
have uniform physical results all, and material differing somewhat 
chemically, which would necessary produce this result 

all our testing, think have given too great prominence 
the behavior the material the point rupture, event which 
trust will never occur during the life our structures, and have not 
considered sufficiently the action strains below and the elastic 
limit. Iam well aware that these belong more properly laboratory 
work, and yet they are the greatest importance every day work. 
The fact first described Mr. James Christie, Am. E., 
that per unit load steel and iron deflect equally within their elastic 
limits, the importance every day practice. The recent fail- 
ure the Dolphin, think, may partially traced want rigidity, 
due this very circumstance, steel being considered, all respects, 
per cent. stronger than iron. conclusion, hesitate say 
one word more reference Government aid the matter testing, 
which believe the only solution our present difficulties. 
manufacturer can speak for ourselves alone, but not hesitate 
say that the Government would make tests, all the materials required 
would furnished free cost. 


this Society are due Mr. Schneider for his very elaborate and lucid 
description and plans the largest cantilever bridge that has been 
built; and, engineers, should also thank him for showing how 
quick engineering work can done. During residence abroad 
have heard many prominent foreign engineers express their astonish- 
ment the speed with which this bridge was built. 
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looking over the tables the tests steel made Mr. 
Schneider, one struck with the great number rejected heats. Out 
two hundred and forty-five heats made the Spang Iron and Steel 
Company, one hundred and thirty-six, per cent., were rejected. 
What was the cause this? Was owing too high requirements 
the specifications bad workmanship the part the steel makers? 

judgment, engineers make great mistake making the 
specifications steel too high, for two reasons: 

First.—The cost manufacturing the rejected portion will added 
the manufacturer the cost the part that accepted. this 
case over one-half the steel was rejected, which probably added 
100 per cent. the cost that which was accepted; while, the speci- 
fications had been lower, say the same Lloyds’ Register Eng- 
land requires for steam-boiler plates, viz., tensile strength, 
long tons (58 240 200 pounds) per square inch, and elongation, 
per cent. inches, the rejected heats and wasters would not have 

Thus, order get one-third more tensile strength, the cost was 
probably increased ‘from 100 per cent. 

Second.—In opinion, formed after consulting freely with those 
who have worked long time and largely mild steel for structural 
purposes, think the best steel for this use, and the one that will work 
the easiest, and the most reliable under all circumstances, that 
with tensile strength between 000 and 000 pounds per square 
inch, elongation over per cent. inches, and which, heated 
cherry red heat and cooled water degrees F., will then 
bend, without fracture, curve the inner radius which one and 
one-half times the thickness the piece. 

Steel this quality can now bought for about the same price 
good wrought-iron suitable for bridge work. other words, for the 
same money, material one-third stronger, and much more reliable and 
uniform texture, can obtained. With this advantage the engineer 
should contented. 

Above 000 pounds tensile strength per square inch, steel becomes 
uncertain and unreliable, fact very capricious, cracking and breaking 
without any apparent cause; while and below 000 pounds 


entirely reliable, being very ductile, and bending cold almost any 
desired shape. 
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using steel high tensile strength, nominally the structure may 
appear stronger, but reality probably weaker than built 


material less tensile strength, but more uniform and reliable char- 
acter. 


judgment our engineers are requiring too much from steel. 
undoubtedly very superior metal, and one that will, opinion, 
soon supersede wrought-iron almost entirely, but the same time they 
should not impose too much upon it. 

can made much stronger than wrought-iron—say four times— 
but until the reasons for the capricious actions the stronger kinds 
can discovered and remedied, would not advise the use any over 
000 pounds tensile strength per square inch. 

Since reading last paper steel this Society (at the Conven- 
tion Buffalo), Ihave seen and consulted with many parties who are 
largely engaged manufacturing steel for structural purposes, but 
have heard nothing induce change modify the opinions ex- 
pressed that paper. 


Fox, Cor. Am. Soc. E.—I have read with 
much interest the ably written communication Mr. Schneider, de- 
scriptive Cantilever Bridge Niagara Falls. 

appears that this bridge one every respect adapted for 
its purpose; admirably designed, both generally and detail; and car- 
ried out with remarkable rapidity. would have been interesting, for 
purposes comparison, the cost had been given, and perhaps Mr. 
Schneider may consent add this, 

observe that the strains this bridge are simple and well defined, 
and thus easily ascertained, which unfortunately too often not the case. 

observe that steel was only used compression and pins, owing 
the uncertainty its quality and delivery. Engineers this country 
are using open-hearth steel increasingly various parts structures 
with great advantage, and tests are adopted which secure fairly uniform 
results. 

The results the testing the tie-bars appear very low, viz., 
18} tons per square inch, with per cent. contraction and per cent. 
elongation. These are higher than are yielded inferior plate iron 
this country. 

The report the testing the bridge proves the great strength and 
stability the structure. 
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observe that this bridge was designed the manufacturers, which 
not usual with here. 


Inst. E.—Equal interest has been taken engineers 
both sides the Atlantic the Niagara Cantilever Bridge, not only 
account its intrinsic merits, but reason its being many 
engineers the first known example system construction now 
attracting much attention. illustration the latter fact, the writer 
may state that recently received letter from Palermo, Sicily, an- 
nouncing that investigation the cantilever bridge system was the 
thesis appointed this year for the consideration engineers proposing 
take the degree There little doubt, therefore, that 
cantilever bridges will soon found many parts the world. 

regards the foundations the Niagara Bridge, may safely 
concluded that apprehension insecurity need entertained. 
natural rip-rap mound slope, which has had ages consolidate, must 
necessarily more stable than artificial mound stones, 
having imperfectly filled interstices; and yet, cases such the Holy- 
head Breakwater, close-jointed masonry walls, feet height, are sup- 
ported without any indication settlement, though the weight per 
square foot upon the 40-feet high rubble-mound foundation consider- 
ably excess that obtaining the instance the Niagara Bridge. 

The author observes that the web-systems were continuous, the 
stresses would ambiguous, but that omitting the diagonals the 
panel over the braced piers, the stresses become well defined and can 
determined with precision. There is, course, ambiguity stress 
every bridge. number eye-bars are strung one pin, the 
stress upon each will affected imperfections workmanship, 
variations the modulus elasticity, and the amount cold 
straightening the bars may have respectively undergone. Within the 
same limits, and further, the introduction bracing the panel 
over the pier would lead ambiguity stress; but from 
results, the writer believes this consideration need not affect the ex- 
pediency putting omitting such bracing cantilever bridge. 


Much useful information concerning the actual stresses existing 
structures can obtained little apparatus almost ridiculous 
simplicity, arranged Mr. Stromeyer, Lloyds’ Registry Shipping. 
consists two short strips polished hoop-iron lightly pressed to- 
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gether, and having little roller steel wire about aninch diameter 
clasped between. One end each piece iron clamped the bar 
under test, and straw index-needle fastened sealing-wax the 
end the wire. the specimen extends compresses, the steel wire 
revolves, and easily constructed scale, the strain read off. With 
this apparatus the straining ship’s plates passing wave 
plainly apparent, and the writer, with it, has determined the distribu- 
tion stress braced steel column before flexure with the most 
satisfactory certainty. 

The experience regards uniformity quality steel would appear 
have been rather unfortunate the Niagara Bridge. has been other- 
wise the Forth Bridge, where, although plates have necessarily been 
rejected for surface defects, and for occasionally passing the limits 
required variation tensile strength and elongation, not single plate 
bar has been rolled which might not with perfect safety have been 
used the bridge. The writer has times taken rejected plate 
with what would look like ugly surface crack running along it, 
and placed it, crack downwards, under steam hammer, but has 
never yet succeeded picking out plate which would not bend 
least angle degrees before cracking. Out 12000 tons 
steel-work now manufactured the Forth Bridge, the number 
plates and bars which have failed forging and bending, 
otherwise, has been under half dozen, and the cause then was improper 
treatment, and not bad quality metal. Steel suitable 
bridge-work requires the holes drilled and the edges planed, 
and work should put the plates blue heat without subse- 
quent annealing. Apparently the usual temper test was not enforced 
the case the steel for the Niagara Bridge. This test imperative, 
steel which affected more than per cent. either strength 
ductility any kind heating and cooling, hardly suitable the 
requirements the bridge-builder. Good steel, even high 
tensile strength 80000 pounds per square inch, will stand great 
deal the way heating and cooling, though punching shearing 
extraordinarily fatal its ductility. the writer has made red hot 
about one-third the area 3-foot square thick plate 
and cooled the plate dashing water over the whole surface. Not- 
withstanding the heavy internal stresses which may supposed result 
from this treatment, and which have often been cited the cause 
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steel plates, the specimen treated has bent 
readily angle degrees before fracture. the other hand 
similar plate, not heated and cooled all, but simply having the 
edges sheared, has snapped across with hardly visible amount 
bending. 

The execution the works the Niagara Bridge short time 
was feat which the engineers and contractors any country the 
world might well proud. Probably this almost every other 
case, the experience gained would suggest certain modifications the 
details construction. stands, however, the bridge very 
interesting example the adaptability essentially American details 
construction novel type bridge. Forth Bridge, owing 
the magnitude the parts, the details many respects present 
greater analogy the building Atlantic steamship than that 
American bridge. erecting the work the unit will single 
plate, and not complete strut tie, the case smaller bridge. 
Nearly all the riveting will thus done when the plates are their 
final position, and plant novel kind has necessarily devised 
for the purpose. 


Am. Soc. E.—There are two three points 
the remarks Mr. Roberts which would like reply to. There 
seems one here defend the steel that particular contract, 
and not like see the discussion become one-sided. have 
interest therein, but can explain partly, think, the apparent irregu- 
larities that Mr. Roberts drew attention to. You remember that the 
specification requires the test made upon round rod made 
from 4-inch test ingot. Our experience has been, the Cambria 
that those test ingots, cast they are ordinarily, 
and have doubt was done this case, without any special 
precautions, will not uniform—will not give reliable results. can 
correlate very well the chemistry and the test round piece 
when take our test billet out the large ingot; but the small ingots 
are full blow-holes and cold shuts, and make miserable bars. 
many cases bars coming from them are not such can used—would 

merchantable steel; and think that will explain, very con- 


siderable percentage cases, the irregularity that Mr. Roberts drew 
attention to, 
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any rate have discarded the use such ingots every case 
possibly can. Mr. Roberts mentions also that the objection dis- 
carding those ingots that entails loss the manufacturer work 
portion his steel into its final shape. true there such 
loss the steel rejected; but there also the advantage that good 
deal more the steel gets fair test and goes through. Mr. Roberts 
also mentions the loss testing the finished material. 
also remembered that the engineers, the contractors, who- 
ever buying the steel, lose great deal too that method. They 
lose time. any question arises the suitability any heat 
blow steel after has all been rolled, and after the rolls have been 
changed and the mills have gone other work, there loss the 
manufacturer and the buyer waiting until new steel can made and 
rolled. 

would like call attention also the fact that the method test- 
ing, which many advocate, cutting test-pieces from the finished 
material, and accepting rejecting material from those tests, has caused 
great deal dissatisfaction England, where this method has been 
followed for ship plates, etc. sure any one who will read back 
numbers the Proceedings the Institution Naval Architects will 
discover that fact. They have been through the experience, and paid 
Another point bearing the same subject the question 
whether should require certain uniform ultimate strength 
physical characteristics from finished material different sizes and 
shapes. Different treatment, well known, causes, the same steel, 
these physical characteristics vary. Ido not wish undertake 
discuss the subject thoroughly, which not prepared for, but would 
call your attention paper, which many you have doubtless seen, 
relating some boiler plates which Mr. Parker, Chief Engineer- 
Surveyor Lloyds’ Register, investigated. The boiler plates were 
made such specification; they were required have certain ulti- 
mate strength between definite limits. These particular plates were, 
think, inches thick, and were required have the same strength 

The result was that the manufacturers, order attain that specific 
result, put the neighborhood per cent. carbon. They obtained 
the ultimate strength, but got plates which would not stand the shop 
work that the boilers had undergo, particularly the heating, and the 
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plate cracked when the boiler was finally tested. bridge work, 
true, the material has not stand such extreme torture boiler work, 
but nevertheless there are other more important points looked 
after material put into bridge than simple ultimate strength. 
The cost the bridge made material, which you can save 
adding strength, and workmanship, which you lose adding 
strength. 


Am. Soc. E.—The Cantilever Bridge over the 
Niagara River, Schneider, Am. Soc. E., typical class 
continuous girders over four (4) supports, which has certain advan- 
tages bridging streams where the erection false-works for the mid- 
dle span impracticable. The girders can calculated with precision 
statical principles with rigid economy the use material 
common truss bridges. 

comparison weights with single-span girders same spans and 
for double track, and with parallel chords and for same loads, will 
instructive. 

Thus, the following weights Iron and Steel compression 
members only), for ordinary trusses, including 100 pounds per lineal 
foot for hand-railings, are deduced from experience minimum 
weights: 

Two 208-foot spans, 800 pounds per lineal foot, 582.4 tons. 
One 495-foot span, 200 pounds per lineal foot, 


The weights given Mr. Schneider are 


For cantilevers.......... 211 134 pounds 


equal 1843.6 tons. 


The cantilever bridge lighter by.................. 273.3 


The saving nearly per cent. compared with single-span 
girders. this connection could mentioned the Kentucky River 
Bridge, Shaler Smith, Am. E., another type pin- 
connected continuous girders with stringers wrought-iron. has 
three (3) spans 375 feet each, single track. 
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comparison weights with discontinuous girder bridge with 
the same floor construction and for same loads, follows: 


Actual weight continuous girders over three 
Weight iron discontinuous girders per lineal 
foot 100 pounds, assumed from 


representing saving material per cent. compared with 
ordinary trusses. Continuous girders, hinged, one way the other, 
show then, saving material, which, however, does not always imply 
saving cost. The cost manufacture and erection may sometimes 
wipe out, not exceed the saving material. For the Niagara Bridge, 
however, the cost manufacture could not have been greater than for 
ordinary pin-connected bridges, the character details and work being 
the same. The cost erection not given Mr. Schneider’s paper, 
but could hardly have been more, not less, than the girders could 
have been erected false-works resting the bottom ravine 150 
feet deep, method which, course, could not thought this 
this correct, cantilever bridges are cheaper for long spans 
than ordinary truss bridges, even cases where the erection false- 
works convenient. 

While, continuous girders without hinges (or with hinges arranged 
the Kentucky River Viaduct), the dead load may, without serious 
error, assumed evenly distributed, such can evidently not done 
for arrangement the Niagara Bridge, and Mr. Schneider justly 
calls attention the importance the question how the distribution 
dead weight the cantilever shall assumed. 

approximation the distribution material, and therefore 
weight girder, will obtained solid beam rectangular 
section which the height changes with the moment resistance 
the respective sections. Thus obtain for uniform load beam, 
for its profile, half-ellipse. 

But from experience know that the weight framed single-span 
bridges nearly uniform; the wind bracing heavier towards the 
abutments, and added the weight the trusses proper, 
that the weight per lineal foot remains nearly the same; represented 


i 
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one end only bracket), the conditions are different. For 
uniform load, the form the bracket would triangle, and for 
load uniformly decreasing towards the end, the bracket would have the 
shape triangle, with the upper edge straight and the lower edge 
the weight the bracket itself. 

The dead-load, weight cantilevers longer spans forms such 
large part the total load, that its more less correct assumed dis- 
tribution the design depends for its success. 

Thus the Niagara Bridge the dead-load represents about per 
cent. the total load, and the Forth Bridge, now process con- 
struction Scotland, the dead-load represents about per cent. 
the total load. few trial calculations will always necessary 
narrow the results down the nearest approximation. This even 
better way than mathematical analysis the problem, find the 
profile bracket which the ordinates are proportionate the 
moments resistance each section from the imposed loads, including 
the load the bracket 

The analysis difficult and intricate, involving, does, the cal- 
culus variations. not aware solution this problem, and 
doubt whether would furnish with any practical results. 

The conditions maximum strains are: 1—A load suspended from 
the end. 2—A uniformly-distributed train load. 3—The load the 
wind bracing, uniformly increasing towards the supports. 4—The 
load the cantilever girder itself. 

The limiting curve probably changing character, concave 
towards the axis its origin and for some distance away, and then 
becoming convex. The solution the problem includes the finding 
the area inclosed this curve the axis and the ordinate 
point support; and then finding the minima the sum this area 
and one-half the area suspended span, which may assumed rect- 
angular. Having found the expression for the minima, from may 
then found the relative lengths the cantilever and suspended 
girders for the most economical arrangement respects amount 
material. But this may again vary greatly with the system the 
cantilever, that the general solution, outlined above, not 
reliable empirical investigation each particular case. There 


reason believe that designing cantilever bridge merely 


578 DISCUSSION NIAGARA CANTILEVER 


obtain greatest economy material, will not give the best design. 
may become wanting rigidity. 

The defiections under moving loads are greater cantilever girder 
than any other kind girder. 

The defiection nearly inches, the Niagara Bridge under the 
test-load both tracks, and under the test-load only one 
track, shows this the case actual trial. This means that for 
trains the cantilever bridge not well suited other 
This important defect. cantilever bridge vertically and later- 
ally the least rigid bridge systems, other things being equal. 

There are two ways reduce the deflection. One make the 
cantilevers high the point support compared with their length 
(as Mr. Baker has done his Forth Bridge), and the other reduce 
the length the cantilever compared with length suspended 
truss. This again may result greatly increased weight the bridge. 
balance all these questions the design one the intricate 
problems modern bridge engineering. Mr. Schneider’s Frazer River 
Bridge has some points excellence which are not the Niagara 
Bridge. They are the solid stone piers which the cantilevers are sup- 
ported only one point, presumably having roller-bearing the 
pier; and the single diagonal system instead the double diagonal 
the Niagara Bridge. 

the Niagara Bridge the cantilevers have movable bearings the 
anchorages, therefore the resistance train braking the bridge 
must all from the towers. 

Taking train over one-half the length the bridge 455 feet, 
averaging 500 pounds per lineal foot, and the resistance between rail 
and wheels per cent. the train load, usually assumed, then 
the whole 

this the strain the diagonals would about tons per square inch, 
and the foot the tower 245 tons, about tons each 
post, for which special allowance seems have been made. 


tons must resisted the tower. From 


not likely that the maxima from train load both tracks from wind 
and braking will occur simultaneously but they did, the resulting 
strain about tons per square inch the steel columns designed, 


would still appear within safe limits. 
However, the braking train produces bending the tower, 
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liable set the slight lurching motion, and there- 
fore the above construction not favorable rigidity. 

All this could have been avoided anchoring the ends the 
cantilevers fast, and having roller-bearings the towers. The arrange- 
ment the Frazer River Bridge is, believe, the better the two. 

Mr. Schneider had adhered his original intention using the 
single diagonal system, shown his first sketch, would have been 
improvement over the double diagonal system, always wher- 
ever practicable. the single diagonal system the strains are massed 
into larger and more compact members, through which they reach the 
supports shorter way. 

The detail arrangement both ends cantilevers, uniting both 
diagonal systems one pin, and connecting this pin with short link 
the chord pin, theoretically correct, because thereby the strains 
both systems diagonals become statically determinate, though prac- 
tically does not work well. One reason that the strains divided 
the link pin, enter into tension members different length. The 
shorter diagonal transmits its component into the chord sooner than the 
longer one. Another reason that the maxima the diagonals 
consecutively and not simultaneously. The result slight pen- 
dulum motion the link, observed under the action the rolling 
load. 

The omission the diagonals the cantilevers above the towers 
shows Mr. appreciation clearly defined strains. 

There are many continuous girder bridges having double bearings 
on, and continuous diagonal system over the piers, without any pro- 
vision against the mischief which such arrangement sure 

notable example the celebrated Iglawa Viaduct the Austrian 
State Railway Austria, having spans 200 feet each, supported 
cast-iron towers similarly the Niagara Bridge. but with the trusses 
continuous over the supports. was built 1870. The rocking 
motion the rigid girders over the towers caused excessive strains, and 
injured the towers that they had rebuilt wrought-iron 
recently. 

The Cantilever Bridge over the Forth Scotland, now build- 
ing, another such example with double supports for the cantilevers. 
The middle cantilever the Island Inchgarvie must have diagonal 
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bracing between supports prevent tilting the structure under 
moving train; but the shore cantilevers need such bracing, the 
shore end anchored down. Still the diagonal bracing has been put 
in, and consists not only ties, but immense intersecting tubes, 
feet diameter, capable taking compression and tension alter- 
nately. are not only unnecessary, but, they act all, the effect 
will mischief, and never any good. The system longer static- 
ally determinate. 

The strains the shore cantilevers become ambiguous, and for 
safety the upright columns ought made much stronger than would 
necessary the diagonals were not put in. Granted, that account 
the small proportion live dead load the ambiguity from the 
the live-load cannot very great, the mischief can great 
case settlement any the foundations after erection. Though 
the great care with which the work conducted reduces very much the 
probability such occurrence, still better design structure 
that, does occur, can this view, compare the 
Niagara Bridge with the Forth Bridge. The pin connections the 
former and the rigid riveted connections the latter. 

Suppose the diagonals between supports left out both bridges, 
then the hinged connections the Niagara Bridge adjust themselves 
under the influence moving load, changes temperature settle- 
ment supports, without sensible change the stresses. the 
other hand, the rigid riveted and some them eccentric connections 
the Forth Bridge cannot adjust themselves, under similar conditions, 
without seriously overstraining the metal. The unavoidable secondary 
strains can made minimum with correctly-designed pin connections; 
they can never less than maximum with rigid riveted connections 
which they may, from slight causes, strain the metal, even more than 
the primary strains due the loads. Particularly the Forth Bridge 
the cross strains the connections will greater from dead than from 
live-load, panel after panel added during erection. 

Again, compare the Niagara Bridge with the Forth Bridge 
the event one girder settling more than the other. The usual 
system cross-bracing here with adjustable members, allows easy 


correction, against adjustment the rigid connections the Forth 
Bridge. 


point quick manufacture and erection, the Niagara Bridge 


. 
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example what can done with the present improved methods 
bridge construction. 

should discuss this connection the advantage pin-connec- 
tions riveted-connections bridges, should only repeat what 
often has been discussed before, and always with the same result, 
namely, favor pin-connections, which are now universally recog- 
nized superior all others rational bridge construction. 

The architectural appearance the Niagara Bridge will, many, 
not pleasing. Having Roebling’s graceful railway bridge for near 
neighbor, the disappointment may the result contrast designs. 


Am. Soc. E.—I would like say few words 
with reference the specifications which have been read, and which 
attention was directed particularly Mr. Collingwood’s remarks. 
Not having read the specifications, not able say whether not 
the chemical tests referred are required. For myself have always 
held that engineer oversteps his position when requires such 
chemical tests, fact any other provision manufacture. ought 
leave the manufacturer entirely free avail himself all the knowl- 
edge can acquire produce the quality work which desired, 
and that quality ought determined solely physical tests. The 
reference the eye-bars made the Edge Moor Iron Company was 
simply few experiments that were tried some months ago and which 
have been since have with some drawings bars 
that have been pulled the destruction the bar, which the excess 
the eye was but per cent. above the bar. With proper-sized pins 
proportion the width the bar, that excess need not over per 
cent. There was matter referred Mr. Baker’s discussion refer- 
ence condemnations for non-conformity the specifications; spoke 
heating plate steel over two-thirds the width and cooling 
off with water, the cooling was injurious it, that might 
supposed that such cooling would injurious it. own impres- 
sion that the cooling with water was all that saved it. not know 
what the effect would have been had allowed cool off grad- 
ually, but impression that would have been worse plate. The 
cooling off was actually giving work. 

experience that would break the point where the heated 
portion merges into the cold; that all such plates and bars have 
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thought necessary anneal—but annealing hardly the right word; 
assume that annealing the plate cooled off very slowly— 
think the only requisite that the plate bar should cooled off 
uniformly. the cooling too much prolonged the ultimate strength 
will reduced and its ductility will increased, but cooled off 
rapidly cooled after rolling, and uniformly, the bar will 
estored its original characteristics. 


Am. Soc. E.—One point has been men- 
tioned Mr. Marshall that wish speak of. says great deal 
trouble has arisen from engineers requiring tests finished work. 

not see how engineer safe relying upon anything else, 
since finishing the work subjected the various processes 
hammering, rolling, cutting, cooling, and often reheating and forg- 
ing—all tending change the character the material not care- 
fully done. 

finished work meant angles and bars various sections, 
plates rolled and cut dimension, cannot see that the testing 
crop-ends shearings bending test (or any other) can cause any 
loss the manufacturer, these tests can all made the mill. 
Other tests have spoken made from the blooms casts, are 
made for the purpose determining whether.the material the 
right character, and then the tests each piece see whether that 
piece has been damaged manipulation. 

Simply see that the bar has not been rolled too low heat 
enough, however, for the steel all high grade the subse- 
quent operations forging into eye-bars may leave very unsatis- 
factory condition, and this the really difficult part the problem. 
Careful inspection mitigate far possible the effects unequal 
heating, with certain number check tests full-sized bars are all 
that can done. would seem desirable that all work this 
character annealed throughout when finished shape. The specifi- 
cations should explicit the amount testing done, and 
then the manufacturer should consider part his prime cost. 


Am. Soc. E.—There one word that omitted 
omitted say anything upon that question drilling. 
find that the universal practice Europe drill all plates, and 
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undoubtedly such plates are not injured one 
thing connection with them that not ascertained. experience 
the East River Bridge leads believe that better policy 
punch all work that can punched, because with steel made this 
country there absolute certainty that the same character metal 
will found all over the plate bar. Now punched and there 
excess manganese will Occasionally came across 
bars that would not punch, but broke like glass, and invariably this was 
caused local excess manganese. drilled would not have 
discovered that there was this excess manganese, that prefer the 
punching and reaming drilling. The drilling cheaper, but not 
quite safe punching and reaming. 


Jr., Am. Soc. E.—I wish call attention the 
point which often made, that open-hearth steel more uniform 
than that made the Bessemer converter, and the former should 
the only material used our structural work. have seen, yet, 
tests advanced proofs these assertions, and, the absence 
such, doubt their correctness. The method testing steel which 
present often used consider totally wrong, namely, take ingot, 
roll this say into billet, and then reduce round, 
from which the test piece cut, and upon the result this test accept 
reject the steel belonging this heat, rolled into various shapes 
upon different mills. There would about much wisdom making 
all tests structural iron upon round samples, and doubt 
any condemnations would ever occur. There more danger from im- 
proper heating steel after being cast than from any other cause, and 
upon consideration should acceptance material made until tests 
final product had. This opposed makers steel, the 
grounds large rejections which would made material form 
useless for other purposes. the case the Cantilever Bridge, 
per cent. the steel made was condemned; hence they prefer the rejec- 
tions made upon blooms, that these may used for other pur- 
poses. make the sample tests, they should but preparatory, 
and under consideration final. 


paper with very much interest and satisfaction. complete and faith- 
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ful account important engineering work always valuable, 
but particularly when the principles construction involved 
have not often been put into practice before. Only limited number 
cantilever bridges have thus far been built, and the Niagara Bridge 
the most conspicuous example this type. 

feature the bridge its large deflection under load, comparing 
this with that usual for discontinuous bridge the same 
span-length between supports. There are three causes for this: First, 
the use steel, and the greater unit strains allowed for this material; 
secondly, the use metallic towers for the intermediate supports; and 
thirdly, the great length the cantilever arms compared with span- 
length between supports. 

regards the first cause, assume that the modulus elas- 
ticity for steel compression the same for wrought-iron, the steel 
compression members the Niagara Bridge will shorten under load 
per cent. more than they would these members were iron. The 
exact value the compression modulus for steel has not yet been 
determined, but probably nearly the same that wrought-iron. 
This cause will therefore tend increase the deflection materially. 

The second and third causes together. The shortening the 
towers under load causes drooping the ends the river arms the 
cantilevers which support the middle 120-foot span, and the longer these 
arms, and consequently the shorter the middle span, the greater will 
the deflection (or lowering) the cantilever end from this cause. 
becomes maximum the two cantilever arms the middle bay are 
each made reach over half the bay, that their ends meet and the 
middle span eliminated. most convenient treat cantilever 
bridges continuous-girder bridges having their points contraflex- 
ure fixed position every alternate span the cutting one the 
chords. The deflection continuous girder less than that dis- 
continuous girder the same span length between supports, and the 
cantilever girder will the same that continuous 
girder the fixed points coincide with the points con- 
traflexure the latter. the Niagara Bridge the fixed points 
not coincide, but the contrary are far removed 
from the supports and brought nearer together, whereby the length 
discontinuous girder reduced. 

Mr. Shaler Smith’s Kentucky River Bridge, Cincinnati South- 
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ern Railway, the fixed points contraflexure are located the shore 
spans, and the ratio cantilever arm distance between supports 
lowering the tower supports due the shortening the columns 
under load increased the cantilever end only per cent., while 
increased per cent. the Niagara Bridge. far can judged 
from observations made, which were not very reliable, the deflections 
the Kentucky Bridge are very moderate and probably not exceed the 
usual limits for discontinuous girders the same span length, and this 
notwithstanding the towers are higher feet than those the 
Niagara Bridge. part this difference deflection is, course, due 
the material, which all iron the Kentucky River Bridge. But 
only very small part can accounted for this manner. 

have had occasion make accurate calculation the maximum 
defiection the channel span the Ohio River Bridge Henderson, 
now building. The girders are single system Warren, with parallel 
chords, practically all steel, and discontinuous. The span length 
522 feet between supports, feet greater than Niagara. The 
depth truss feet. Assuming the modulus for steel both ten- 
sion and compression 000 000, the maximum was found 
=3} inches, compared with inches the Niagara Bridge 
the upward and downward motions the cantilever ends are added, 
and only the downward motion considered. 

The position the fixed points contraflexure the Niagara 
Bridge was, course, determined the mode erection adopted, and 
while unfavorable both regards deflection and economy materials, 
very favorable regards ease, security and economy erection. 

not consider that the introduction the short links connecting 
the last two sets ties with the pin the ends the cantilever arms 
tends define the strains these ties except very limited extent, 
and regret Mr. Schneider did not follow his preference, and adopt 
single system diagonals for the cantilevers, thereby removing all 
ambiguity strain. not think the bridge would thereby have suf- 
fered, either economy constructive advantages. 

Mr. Schneider attaches due importance the avoidance eccen- 
tricity, and his main connections trusses, and approximately 
transverse bracing columns, the center lines strains intersect 
the same point each vertex. While not necessary (and for the 
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lower chords pin-connected bridges always difficult) strictly conform 
this requirement regards the connections for lateral bracing, yet 
think the tendency should more nearly approach realization 
this requirement for these connections also than has heretofore been 
generally customary, though this cannot done without additional 
cost. 

The specifications exclude Bessemer steel. believe this clause was 
not intended reflection this process steel manufacture, but was 
inserted merely prevent the delays inevitable upon obtaining struc- 
tural steel from works not already familiar with its manufacture. Since 
the building the Niagara Bridge, Bessemer steel has been used for 
structural purposes with great success. After experience with 
eral thousand tons the Susquehanna Bridge, Baltimore and 
Ohio Railroad, and previous experience with several makes open- 
hearth steel, can say for Bessemer that has been exceptional qual- 
ity. Its ductility has been greater than that the steels previously used, 
and has shown great uniformity. 

The method testing adopted for this steel was the following: 

From each blow cast small test ingot was made, which was rolled 
into round bar. Bending and tensile tests were made this, 
and, satisfactory, the ingots constituting the blow were rolled into the 
plates, bars angles for which they were intended. The steel was not 
finally accepted the strength these tests round 
After the rolling, specimens were cut from the plates, bars angles 
themselves and tested, one tensile and one bending test being made from 
each furnace heat. case doubtful results second test was made. 
these tests conformed the requirements the specifications, the 
steel was accepted finally. order that the tests the rounds 
gauge the tests the finished product, that the former tests 
are satisactory the latter will be, the steel should given the same, 
nearly the same, amount work reducing from the test ingot the 
j-inch round specimen receives reducing from the ingot the 
finished product. The test ingot must suitable size for the purpose, 
and must proper attention paid this, there 
will few rejections finished material, provided the heating 
the mill carefully and skillfully done. well-regulated mill, famil- 
iar with the working steel, there should case improper heat- 
ing, and there reason why the tests the rolled material cannot 


DISCUSSION NIAGARA CANTILEVER BRIDGE. 587 


restricted few specimens, not omitted altogether, confined 
bending tests only. desirable that these tests limited 
few, they are both expensive and consume considerable time. They 
are expensive because the material must rolled with long crop ends 
order obtain the test specimens, thereby largely increasing the waste; 
and the specimens must cut out the planer, and many them 
turned the lathe, which both expensive and requires time. 

The object testing the steel the ingot is, course, save the 
loss and avoid the delays resulting from rejections the finished pro- 
duct. The ingots thrown out unsuitable can used for other pur- 
poses, while the rolled material rejected has only scrap value. 

This manner testing has been found give the most satisfactory 
results. the steel manufacturer makes practice testing every cast 
systematic and reliable manner, there reason why the engineer 
may not adopt these tests his own, and confine himself the testing 
few specimens cut from the crop ends the rolled product, for the 
purpose checking the heating and incidentally also the manufacturer’s 
tests. 

For the Susquehanna Bridge, the range allowed ultimate strength 
was pounds per Steel used tension was required 
have ultimate strength pounds 000 pounds per 
square inch, and steel used compression ultimate strength 
000 pounds 000 pounds per square inch. 

This range unusually small, and, think, unnecessarily so. 
Abroad customary allow 9000 pounds. long 
ductility obtained, can see good reason for drawing the lines very 
close. The percentage rejections thereby largely increased, and 
hence the cost; and considerable delay will experienced obtaining 
the steel. The average elongations for the Susquehanna steel per 
cent. inches for tension, and per cent. inches for compres- 
sion steel; the specifications calling for not less than per cent. and 
not less than per cent. respectively. 

Mention has been made that undesirable specify the chemical 
composition. desire emphasize this. The carbon percentage the 
compression steel (Bessemer) furnished for the Susquehanna Bridge 


much per cent. lower than steel the same physical character- 
istics heretofore used, made the open-hearth process; and steel made 
the new Clapp-Griffith process, though this essentially Bessemer 
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steel, shows marked peculiarities chemical composition. The engi- 
neer can safely leave the chemical composition the manufacturer, 
does the mechanical contrivances manufacture, requiring only cer- 
tain physical tests the material which determine whether 
suitable not. 


Am. Soc. E.—Mr. Strobel has already replied 
largely for the points made Mr. Collingwood and other gentle- 
men with regard the extra expense caused testing finished 
material. The expense comes largely manufacturers are 
compelled work the tests finished material, deliveries will 
delayed week two weeks longer than buyers were content with 
the first.test which the steel-works usually makes for itself. The aim 
has been seek for such test will give expert knowledge enough 
for him predicate all the rest about that steel. think have found 
that test three-quarter round taken from bloom rolled out large 
ingot. course engineers need know the strength which the three- 
quarter round shows relation the strength which the final material 
shows. This will all found out the course year two the rate 
which engineers are working now. All ask that you not 
compel undergo this unnecessary delay and this unnecessary 
amount testing finished material. Now Mr. Strobel called the test 
the three-quarters round check the heating. think mis- 
taken. The first test the test the material; describes one who 
familiar with the subject the character the material. The second 
test, the test part that has been heated and rolled, test the 
heating androlling. Now, become more expert, feel perfectly safe 
predicting that shall require fewer tensile tests proportionally, and 
that shall not require any tensile tests whatever for this purpose. 
simple bending test will check over-heating bad rolling. simple 
bending test was all that was required the Government their 
specifications for cruiser steel, far the scheme testing was made 
apply finished material apart from melt tests. 

have not seen any specifications that are based tests finished 
material exclusively, except the foreign specifications already referred 
relating ship-building steel. 

They read something like this least one plate fifty shall 
tested samples cut both lengthwise and crosswise, which shall 
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Now that wrong, because the particular plate tested may have 
been heated too hot the furnace rolled too cold the mill, and 
either would make the test vary much throw that piece out 
properly, but not the whole charge. 

Mr. Sellers asks make statement with regard the mode 
testing which was pursued with the East River Bridge steel. There 
was some attention paid determining how uniform that material 
was. understand it, test-piece was taken out each end 
each ingot, and one out the middle each ingot. These constituted 
the tests; anything further than this which was pursued the 
East River Bridge was the basis checking for the heating and 
rolling. 


Am. E.—I rise only say that Mr. Mar- 
shall misunderstood saying that the three-quarter round test 
intended test the heat. from round ingots tested the material. 
The tests made afterwards were tests the furnace heat the mill. 
The three-quarter round test not test the heating. 


James E.—I will pleased lay before the Society 
short our experience testing steel for the Susquehanna 
River Bridge the Philadelphia Branch the Baltimore and Ohio 
Railroad. The specifications for the steel were follows: 


used compression members and bolsters, bearing-plates, 
pins, and rollers, shall open-hearth, and shall not contain more than 
one-tenth one per cent. phosphorus. sample-bar 
diameter shall bend 180 degrees around its own diameter without 
showing crack flaw, and when tested shall have ultimate 
strength not less than 000 pounds per square inch, and elastic 
limit not less than 000 pounds; and shall elongate least fifteen 
(15) per cent. eight (8) inches, and show reduction area least 
thirty (30) per cent. point fracture. 

Steel used for eye-bars shall not contain more than one-tenth 
one per cent. phosphorus. diameter shall bend 
180 degrees, and set back upon itself without sign crack flaw; 
and, when tested, shall show ultimate strength not less than 
000 pounds per square inch, and elastic limit not less than 
000 pounds; shall elongate least eighteen (18) per cent. eight 
(8) inches, and show reduction area least forty (40) per cent. 
point fracture.” 


these specifications Bessemer steel was excluded, but was after- 
wards decided use steel made this process. The steel was made 
the Pittsburgh Bessemer Steel Company their works Home- 
stead, near Pittsburgh, and was rolled the Union Iron Mills, Pitts- 
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burgh. The amount steel required the construction the bridge 
will approximately 000 tons. 


first tests were made specimens inch diameter, and upper 
limits ultimate strength were imposed, but short time,finding 
such considerable variations the different blows presented for test, 
was thought necessary impose superior well inferior limits 
ultimate strength. was accepted with ultimate strength 
000 000 pounds, compression steel being accepted when its 
ultimate strength ranged from pounds, the other 
conditions were complied with elastic limit, elongation and reduc- 
tion area. 

The method testing adopted was follows, each blow* and each 
heat being tested: 

(a) The blow test was made round bar rolled from 
4-inch ingot, two pieces being cut from the bar, one subjected 
the bending test, the other the machine test. these tests were 
satisfactory, all ingots cast from the blow were accepted and shipped 
the rolling mill; the tests proved unsatisfactory, all the ingots 
were thrown out. 

(b) The heat test was made specimens cut from the finished 
material, one more specimens being prepared from the material con- 
tained each furnace. 

These tests were made ascertain whether the steel had undergone 
any change the manipulations which occur its passage from the 
ingot the finished shape. One test the finished material, satis- 
factory, accepted the heat; unsatisfactory, second test was made, 
which determined the acceptance rejection all material rolled 
from that heat. 

Chemical analyses each blow carbon, phosphorus and manganese 
were furnished the steel-works. These show remarkable uniformity 
chemical composition the steel furnished. The following table 
shows the variations the four elements: 


* By blow is meant the number of ingots cast by one ‘“‘ blowing off” of the converter. 
+ By heat is meant the number of blooms charged into the furnace at the rolling mill to 
be heated prior to rolling into finished material 
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Ido not agree with Mr. Marshall the round test being 
sufficient determine the quality the material. The material put 
into the structure the shape rounds, but that 
plates, bars, angles and channels and therefore, specimens cut 
from these shapes that should tested. The advantage making the 
round test that prevents the shipping the rolling mill 
large quantities steel which would have rejected after test 
the finished sections, thus avoiding unnecessary delays. 

Our experience the present case confirms these views. first 
rejected forty (40) per cent. the material, but after establishment 
the upper limits the amount rejections steadily decreased, and 
present does not exceed four (4) per cent., showing that strict 
enforcement the specifications, manufacturers can brought fur- 
nish any required grade material. 

tested ‘estruction last winter, the shops the Keystone 
Bridge Company, several full size steel compression members, and 
during the progress the work have made many tests steel eye-bars. 
The results and also the data furnished the specimen tests 
hope lay before the Society some future date. 


those who work into bridges, naturally complain any restrictions 
which put them additional trouble and expense. But they must 
remember that, engineers, are responsible for the condition the 
finished structures. Unless these are satisfactory, matters little how 
the steel may have tested the ingot form. this form may the 
most perfect material that human ingenuity can accomplish. 
cannot stop here, but must insist following into its final condition, 
and know its condition then. The physical tests the finished mate- 
rial must the criterion upon which must place the final decision. 

The responsibility delivering this finished material 
satisfactory quality must rest with the manufacturer. must select 
the proper ingot material, and must determine the proper manipulations 
produce the final result the best manner. should, therefore, 
entirely unhampered any requirements the chemical physical 
processes. will then his fault and not ours fails. think, 
however, the engineers and manufacturers can mutually aid each other 
noting the chemical properties the steel and its physical char- 
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acteristics during the several processes its manufacture. When these 
are more fully understood, not only will the manufacturer benefited 
greater certainty obtaining the required product, but the 
engineer will able and justified relaxing the onerous tests now 
absolutely necessary. The desired quality steel can then deter- 
mined the ingot stage, and the effects the physical manipulations 
determined simpler tests the final material. The relative amount 
such tests being greatly reduced the processes become more con- 
‘stant and reliable. 

not enough, now, for the manufacturers assure that they 
can make constant product; also demand that they must furnish 
with the evidence that so. 

The mistake usual steel specifications, opinion, that only 
one kind steel asked for. 

The steel that best suited for rivet-girder, eye-bar column 
very different. Ingots that may too hard soft for one, may the 
best for some other. the latitude covering these varieties was properly 
defined, the steel-maker would not compelled suffer such large 
percentage rejections under the usual specifications. could 
select his ingots according their grades, and use them for the particu- 
lar material for which they are adapted, from the softest roof bars the 
harder compression forms. 

present the manufacturers have just cause complaint 
regard the expenses testing. They desire extend the use this 
material business matter, and make profit from its sale. They 
are the same position other manufacturers who desire obtain 
extend the market for their products—bound expend portion 
their investment make known and establish the quality and merits 
their products. 


Am. Soc. E.—One point would like 
mention from the experience the East River Bridge, which was much 
the same that the Baltimore and Ohio road. had first very 
large rejections, but afterwards very little was rejected, which shows 
that when demand the highest tests and the best materials can 
get them. reference the point why should demand tests 
finished material, would like cite one instance. There was con- 


troversy connection with some buckled-steel plates for the Franklin 


a. 
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Square Bridge, and was question whether should accept them. 
visiting the mill, request the Inspector, went out the place 
where number rejected plates were piled and asked the foreman 
bring man with sledge. One the plates was laid the ground, 
and struck, and went pieces the first blow. struck 
another plate with all his force blows, and stood. Now 
would not have done have accepted that material from simple 
inspection without test. suspect that series plates had been 
turned out once, and this happened the outside plate, and 
had cooled too quickly. had hardened, and was unfit use. 


Am. Soc. E.—There seems some misap- 
prehension about the use steel. Mr. Cooper insists upon the most 
rigid inspection. suppose every manufacturer who wants produce 
good work desires the most rigid inspection, but testing expensive, and 
excessive without adequate results. The present practice the Bessemer 
works cast the heat into three ingots, and these are rolled out into 
what called the ingot bloom. Now, when specimens cut from the 
end and the middle this bloom are tested, fair presume that 
these would indicate the quality correctly. these stand the test 
nothing can happen injure the material afterward, except over-heat- 
ing the final working. Now over-heating can tested the bending 
test well any other way, and the engineer fully satisfied that 
the three tests the ingot fulfill the requirements the specifications, 
ought satisfied that the bending test will test the quality the 
heating that preceded the rolling, and all other tests might properly 
dispensed with. The plate Mr. Collingwood cited being too rapidly 
cooled must have been buckle plate, and not think was exposed 
too rapidly the air. The trouble was that had been over-heated 
preparatory shaping, and had not received sufficient work bring 
back good condition. over-heated, the mere shaping bending 
would cause reduction, and give the material work. that case 
the quality the steel would injured undoubtedly. The chemical 
quality that plate was the same the other plate that stood all the 
punishing that could given. 


Am. Soc. E.—I think that Mr. Baker takes 
the same view, that after the testing the quality, the bending test 
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Am. Soc. E.—My own faith the bending test for 
our structural material very strong, but present need something 
more for steel. 


Jr., Am. Soc. E.—I believe there one other 
test that has not been mentioned connection with steel, and which, 
think, important any other, and that the drop test, which, 
regard our structural material, not used. the drop and the 
bending tests will tell some points which the laboratory and testing- 
machine will not. But there one other thing. could havea 
standard test and not every engineer have his own hobby—if had 
standard specification work to—we could make our steel conform 
that much easier than continually changing our material 
meet the requirements each new set specifications issued. 


Am. Soc. E.—This very desirable, but impossible 
with our present limited knowledge. Some weeks ago prominent 
steel-worker said me, ‘‘Why you not get general specifica- 
tion for steel and present before the American Society Civil Engi- 
neers for discussion?” answered that did not know enough yet 
make specification. Finally did block out the general form 
specification for the steel its finished shape, and sent copy the 
most prominent manufacturers structural steel with request for 
suggestions and criticisms, that might put desirable shape for 
presentation this 

Not single one the recipients has had even the courtesy 
acknowledge its receipt. The only thing have heard has been 
from one their representatives, who tells his company not know 
themselves what say reference it. 

Now this about the condition the best posted ones, still seeking 
information. the manufacturers, with their facilities for observation 
and experiment, are loath express opinion, can they blame 
engineers for being cautious and for demanding the most rigid tests and 
inspection. 


Am. Soc. E.—Before the dicussion Mr. 
Schneider’s paper closes, would like call attention one point con- 
cerning the foundation the Cantilever Bridge Niagara. That 
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bridge, all understand, founded upon mass loose stones 
which have tumbled down from the cliffs, and extend, believed, 
the bottom the river, and yet under that heavy structure everybody 
agrees that the foundation admirable. quite agree with them my- 
self, but want call attention the fact that this secured the 
way which the foundation was started the mass loose stone. 
Upon that was spread one single stone which was interlocked into every 
nook and cranny the foundation, and distributed the weight the 
superincumbent masonry over the entire mass debris. That was ac- 
complished the use beton. the Montreal meeting you may re- 
member that presented paper showing what had been done the 
use that material the Erie Railway, and then promised that, 
some future time, would give some particulars concerning work then 
progress. This consisted application beton stop the wear 
river bed. The waterfall the Genessee River was wearing 
its way back, and threatening undermine the Portage Bridge. had 
cut away some hundred feet the natural stone. treated toa 
course beton, and happy say that the wear has been entirely 
stopped. The artificial stone that was made from cement and sand has 
proved very much preferable the natural stone that formed the bottom 
the Genesee River, and have longer any apprehension the 
undermining the Portage Bridge. Since then the same process has 
been applied the bridge This was built lime- 
stone and was injured the frost, that the stones composing the 
bridge were badly shattered. They have been wrapped layer 
beton, and have doubt that the structure now permanently safe. 


Jun. Am. Soc. E.—Perhapsit might some 
interest the Members know that the cost the plants the Clapp- 
Griffith and the Bessemer process the same capacity relatively 
$50 000 $250000. With the Clapp-Griffith process the same 
capacity the Bessemer process the cost whereas the 
Bessemer costs $250 000; that the Clapp-Griffith process can 


made produce homogeneous results, the cost produce the steel 
would less, 


Mr. would like informed upon what this based. 
$50 000 the cost what, and $250 000 the cost what 
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Mr. the Clapp-Griffith plant compared with the 
plant the Bessemer the same relative capacity. 


Assoc. Am. Soc. E.—This admirable paper Mr. 
Schneider, and the reports the various experts employed scrutinize 
test the work various stages progress and completion, give 
very comprehensive view very remarkable example modern con- 
structive engineering. 

becomes matter great interest not only examine the struc- 
ture whole, but also observe the detailed disposition metal and 
the behavior the latter under test. 

One matter which forcibly arrests the attention, the comparatively 
light load named the specifications. view the rolling stock now 
use many the railroads this country, 66-ton locomotive 
certainly far from being heavy one, while train pounds per 
lineal foot far below that many daily passing over number 
American roads. fact the test trains gravel cars exceeded this 
weight more than per cent. 

aware that the passage the bridge two trains abreast not 
likely common occurrence but, matter fact, over-strains 
present traffic are not obviated. 

The records are unusual interest and value, and afford 
many suggestions. The measured deflections are very considerable, 
and does not seem that their origin completely stated. 
the first place, the average weights the four test locomotives more 
than per cent. excess those named the specifications, for 
which the structure was designed; while the test load gravel exceeded 
the specification load per cent. Again, the unit-stresses all 
steel members are certainly high our present knowledge that 
material, containing 0.34 0.42 per cent. carbon, will justify. The 
amount strain, yielding, within the elastic limit, any piece 
material, depends wholly its co-efficient elasticity, and not its 
strength ultimate resistance; and the experiments Mr. Christie and 
others show that all structural steel possesses elasticity 
not essentially different from that wrought-iron. Now, the com- 
pression lower chords the cantilever and the posts the towers are 
steel, and the permitted stresses per square inch are consequently 


relatively high, the correspondingly large compression strains must 


DISCUSSION NIAGARA CANTILEVER BRIDGE. 597 


necessarily induce more than ordinary deflection, particularly when 
remembered that the test load was considerably excess that re- 
quired the specifications. 

While evident that the character the structure gives more 
flexibility than ordinary truss bridge, believe that the preceding 
considerations account for small part the observed deflection. 

would have added much the already great interest taken this 
structure some full-sized steel columns had been tested 
though advocate the use structural steel, and firm believer 
its inherent superiority wrought-iron bridges when properly used, 
the writer believes that the use steel high carbon that found 
this instance attended difficulties and uncertainties that are not 
yet overcome. Tests full-sized steel columns, containing about the 
same amount carbon, have lately come his knowledge, the results 
which would seem justify working stresses little, any, excess 
those applicable wrought-iron columns. 


Cor. Am. Soc. E.—The wind pressure 
pounds per square foot equals nearly 146 kilograms per square meter. 
know that the wind pressure can rise about 250 kilograms per 
square meter. But such cases trains will stopped, and there- 
fore quite sufficient introduce the pressure the train surface 
with the maximum 146 pounds per square meter. But Mr. Schneider 
says that calculated the wind pressure both exposed surfaces 
the trusses, and then, further calculation says under the title, 
Loads, the vertical surface one side the structure——” 
mind both surfaces mean the surfaces both trusses--should 
considered exposed the pressure the wind. mis- 
taken concluding from the second mention that neglected the 
second truss surface. 

would point out also that the lattice-work above the pier, shown 
Plate LXI., does not seem effective. If, instead the great num- 
ber thin lattice bars, had single double system crosses 
stiff links, the purpose counterbracing the structure its greatest 
height would have been better attained. 

the Gordon formula not used here, cannot readily determine 


what co-eflicient safety used for steel and for iron the various 
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there not danger that the punching holes for the full size 
steel plates will cause weakness Would not safer punch them 
smaller size than the rivets, and then ream them until they are one-six- 
teenth inch larger diameter than the rivets This only question. 


Am. Soc. E.—The propriety using steel 
000 pounds ultimate strength has been questioned, well the 
propriety allowing steel which varies 000 pounds per square inch 
the elastic limit used for the component parts the same 
member, for the reason that the different parts could not depended 
act harmoniously together. 

regards the harmonious action the pieces composing one 
member, beg differ from Mr. Christie, the modulus 
elasticity and not the elastic limit upon which the elongations per strain 
unit depend. far have been able tolearn from experiments, the 
moduli elasticity steels differing 000 pounds per square inch 
the elastic limit, not vary any more than wrought-iron which 
made the same stock. 

regard the propriety using steel 000 pounds ultimate 
strength for heavy compression members, the opinion that 
proper use that kind steel for members such proportions 
those the Niagara Bridge, their lengths being only 12} diameters. 

difficulties were experienced the working the metal, and 


hence see practical reasons for not using that kind steel for such 


compression neither think that the working strains 
allowed steel compression are very wrong proportion 
those allowed wrought-iron, being for iron and for 
safe strain iron one-third its elastic limit, cannot see 
why should not just strain steel only one-fourth its 
elastic limit. 

However, agree with Mr. Christie, that applying Gordon’s 
formula steel, all the numerical co-efficients used for iron must 
changed but can assure him that have not been guilty using 
formula its usual form, either for steel iron, since have 
studied his valuable experiments. 

Mr. Christie’s experiments prove, that for short compression mem- 
bers steel has decided advantage over wrought-iron; and while short 
members, such are used the Niagara Bridge, steel may develop its 
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full compressive strength, members, after reach certain 


limit columns have greater strength than iron ones. This 


should be, consider that the modulus elasticity steel 
(according Mr. Christie’s experiments) little lower for compression 
than that iron. 

Mr. Marshall requests state why the rivet holes the steel 
compression members were not reamed, and also asks consider steel 
work like that the Niagara Bridge good asif the holes had been 
reamed. 

The holes the steel work were not reamed, because the specifica- 
tion did not require reamed holes. not responsible for the 
specifications, have refer that question those who made the 
specifications. However, would state that prefer reamed holes 
steel work. 

Even set aside the probable injury which may done the 
material punching, well-fitting rivet holes are always preferable 
those which not fit well. rivet cannot made fill the hole 
perfectly and completely many thicknesses plates are riveted 
together, unless the holes are reamed drilled after the parts are 
assembled. This applies also measure wrought-iron work, and, 
opinion, great importance that holes for field-rivets iron- 
work should reamed when the pieces are temporarily put together, 
drilled after iron templets. 

Mr. Marshall also points out the importance comparative tests 
made with full-sized compression members, for the purpose testing 
the merits reaming holes. very glad that suggestion comes from 
one interested the manufacture steel. engineers are generally 
not allowed spend the money their clients experiments, 
the opinion that the duty the manufacturers who desire intro- 
duce their material for structural purposes give such tests, and 
thus establish the properties their products for which they are 
anxious find market. 

Mr. Christie has given very valuable experiments, made small 

samples, and hope Mr. Marshall will follow his example interced- 
ing behalf science, well the interest steel, and induce 
the steel works with which connected have series experi- 
ments made large-sized steel compression members, which, 
sure, will receive the approbation the whole profession. 


1 
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making these tests would suggest that more attention paid 
the behavior the material below and the elastic limit, than 
finding the crippling buckling strain, which, according opinion, 
very little practical value. 

aware that the specifications which were used for steel leave 
much desired; but this question has been discussed many 
able engineers, there nothing left for say, except that hope 
engineers and steel manufacturers will soon able agree upon 
uniform specification and mode testing which will satisfactory 
both 

Perhaps would well leave the manufacturer make his 
own sample tests, the engineer testing only the finished material. The 
manufacturer, guided his experience, will able infer from the 
sample tests the properties the material will have when rolled into 
finished shapes. order test the general quality heat, few 
samples cut from the finished material would sufficient, while the 
bending test should applied every piece prove that the material 
has not been injured heating and rolling, for which purpose the crop 
ends may used. 

great deal has been said about the the bridge under 
the test load, and various causes have been assigned However, 
will not necessary look very far for the causes the deflections. 
They are natural and exactly they should be, according the well- 
known laws elasticity. 

simple vertical motion, like the raising and lowering 
one end fixed span, does not influence the stability the system 
nor produce any additional strains, but only changes the grade the 
track. The however, caused the elastic deformation 
the system, have injurious influence, producing secondary strains 
its members. 

the cantilever system used the Niagara Bridge consists simply 
series ordinary trusses, the difference from other trusses being 
only the way they are supported, the same law which applies the 
ordinary truss supported both ends willalso apply the trusses 
the Niagara Bridge. 

The strains the river arms the cantilevers are influenced only 
the loads applied directly the intermediate span, and are 


not affected the forces acting upon the shore arms, nor the 
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manner the river arms are attached over the tower supports. The 
strains the river arms the cantilevers, therefore, would the same 
the cantilevers were rigidly fixed these points. Hence evi- 
dent that the deflection the river arm cantilever, far pro- 
duced the elastic deformations its members, similar girder 
fixed rigidly one end, the other end being unsupported. the 
deflection resulting from the deformations its own members, there 
are two other factors which add the deflection the river end the 
cantilever. 


The loads applied the river arms and intermediate span will also 
produce strains the shore arms; the upper chord the shore arm 
receives tensile and the lower chord compressive strains. Point 
fixed, point (owing the rocker attachment) free move 
horizontal but not vertical direction. Hence for any length the 
chord the position the point fixed, and consequently the 
system stable against horizontal well vertical forces. the 
lower chord distance shortens, the point will move towards 
the right. upper chord stretches, the point will move towards 
the right. The distance through which the point moves, the 
elongation the upper chord plus the contraction the lower 
chord The vertical posts over the towers will rotate around their 
lower pins, which will produce deflection the river end the 
cantilever. the post rotates towards the right, the river arm will 
deflect downward. the shore arm only loaded, reversing the chord 
strains, the vertical post will rotate towards the left, and, conse- 
quently, raise the end the river arm. 

The vertical motion point will be: 


This deflection occurs, shown, independently the strains 
the river arm the cantilever. 
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The compression the tower will also produce deflection the 
river end the cantilever. denotes the reduction length the 
tower posts, then the defiection produced the end the river 


1 


Investigation shows that the total defiection the river ends the 
cantilevers consists three items: 

I.—The produced the elastic deformations the river 
arms. 

deflections produced the elastic deformations the 
shore arms. 

produced the compression the towers. 

may interesting compare the theoretical with 
those observed under the test loads. will therefore give calcula- 
tions, which are based the same loads. 

Allow make few preliminary remarks reference the 
method* adopted for the elastic deformations the river 
arms the cantilevers. 


Let the truss represented the sketch above fixed and 
any member, for instance elongates, denoting the increment, 
then that portion the truss which influenced the elongation 
that member will rotate around point which point will found 


* Civil Ingenieur, Vol. XXVI, No. 3. 
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intersecting the truss line through the member which line 
must cut only two other members the truss; the intersection the 
two other members determines the point rotation. This point ro- 
tation the same point which used Ritter’s method calculating 
strains static moments. 


The angle around which the truss rotates denoting the 


distance from the member the point rotation, measured right 
angles from the line that member. 


The deflection the point vertical direction therefore (as will 


where denotes the horizontal distance from the point the 
point rotation 


substituting for the vertical deflection the point 


These equations are general, and apply chord members well 
web members. 

The total deflection will the sum the deflections produced 
each member. 

the diagram Plate LXVIII, which represents the river arm 
the cantilever, are inscribed the unit strains per square inch sectional 
area produced the test load, and which are denoted the length 
each member inches denoted the increment elongation 
elasticity 000 000 for iron well for steel, and the vertical 
distances inches from each member its respective point 
rotation. 


The deflection the river arm due the elongation the upper 
chord will 


300 0.1292 600 0.0623 900 0.0634 1200 0.0658 


312 372 432 492 
5 2 ra 
552 612 


The deflection due the compression the lower chord: 


600 0.0623 900 0.0965 1200 0.0988 1500 0.0988 
364 


482 541 


| 
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1800 0.1012 2100 0.1035 


The deflection due elongation diagonals: 


1.461 inches. 


1340 996 1296 
1260 0.1591 1260 0.1722 1260 0.1724 1260 0.1390 
1612 1940 2274 3017 


0.958 inch. 

The deflection produced the compression the vertical posts: 
1860 2160 2460 2760 

1260 0.0871 1260 0.181 
3060 3360 

The total deflection the river end the cantilever due its own 

elastic deformation will 
0.863 1.461 0.958 0.278 3.560 inches. 

The the river end the cantilever produced the 
deformation the shore arm calculated follows: 

The average strain the upper chord the shore arm from the 
test load 5000 pounds per square inch, which makes elonga- 
tion 220 feet 0.423 inch, assuming modulus elasticity 

000 000. 

The lower chord receives average strain 500 pounds per square 
inch, reduces the length 195 feet the lower chord 0.637 
inch. Hence the the river end the cantilever produced 
the elastic deformation the shore arm will 


The caused the compression the tower: 
The average strain the tower posts produced the test load 
5500 pounds per square inch, which will reduce their length 0.33 
inch, and hence will cause the river end the cantilever 


0.278 inch. 


0.33 (195 175) 


0.626 inch. 


The total maximum the river end the cantilever, 
which occurs when the bridge loaded between the towers only, will 
the sum all the deflections, 

3.560 3.312 0.626 7.498 inches. 


| 
| 
| | 


No. 317. 


SCHNEIDER 
CANTILEVER BRIDCE 
NIACARA FALLS. 


PLATE 
TRANS. AM. SOC, CIV. 


VOL. XIV. 


a | 
re - es 
a 
=" 
A. 492" S-+ive | _ 
\ / - 
; 
\ 
Ne. 
"a, 
tee 
, s : 
+- 7% y 
\ ‘ . 
ree 
> i ' 
\ 6-3 
ta: 


DISCUSSION NIAGARA CANTILEVER BRIDGE. 605 


Had the modulus elasticity been assumed 000 000 instead 
000 000, the calculation wonld have given deflection 

7.498 =6.962 inches. 

These results, will seen, come very close the 
measured under the test load. 

Attention has called the fact that the tests show that mere 
loading the bridge causes motion the short anchorage links, and 
the question What would the effect test such the one 
applied the Kentucky River Bridge, viz., train entering the bridge 
full speed and suddenly brought stop means the brakes 

The stability the bridge resist horizontal force has also been 
questioned, account the omission the diagonals the panels over 
the towers. 

have already explained the causes the horizontal motion the 
anchorage links, being the change length the lower chord the 
shore arm and not any external horizontal force. 


Each cantilever may considered consisting two trusses (shore 
arm and river arm) which are fixed the tower, and whose outer ends 
are free move horizontally; therefore, each cantilever, far its 
stability resist horizontal forces concerned, similar two fixed 
spans, the inner ends which rest tower which they are rigidly 
attached, while the outer ends are supported rollers, shown the 
accompanying sketch. this case the tower would have 
horizontal force produced the momentum the train. The same 
idea applies the cantilevers the Niagara Bridge; the towers will 
have resist the horizontal forces, and will consequently receive bending 
strains the same the towers the Kentucky River Bridge, for which 
ample provision has been made. 


Y 
Z 
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reply Mr. Fred. Smith’s question regarding the twisting 
the cantilever trusses under one-sided loading, would say, that beyond 
measuring the deflections, investigations were made the time 
testing. This twisting, however, can more prevented than the de- 
flection. may reduced increasing the depth the cantilevers, 
reducing the length the river arms and thus increasing the length 
the intermediate span, which would have been advantage this 
case, and which has also been suggested several other engineers 
this discussion. 

Mr. Fox evidently laboring under misapprehension supposing 
that was the manufacturer the Niagara Bridge and not the engineer, 
Bridge engineers this country not only make their own designs, 
done England, but here they also furnish the details and working 
drawings for the same. 

reply Mr. Pontzen’s question, would say that the wind press- 
ure was calculated for the exposed surface both trusses. The second 
mention the wind strains which Mr. Pontzen calls attention, occurs 
the specifications, which were appended paper. For these 
specifications, which were not made the bridge engineers, disclaim 
all responsibility. also inform Mr. Pontzen that the lattice- 
work above the piers does not consist thin lattice bars, but 4’’ 
angles, which are clearly shown such the drawing. 

conclusion, would say that have been much gratified the 
lively interest which has been taken paper engineers both 
sides the Atlantic, and more particularly the Members this 
Society. take this opportunity express thanks those who 
have taken part this discussion for their friendly criticisms and valu- 
able suggestions. 
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